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ABST1UCT 

Ptrforaeton  data  for  ataai  fragnanta  litpaotlng  on  aaoh  of  aavan  non* 
iMtallte  Mtarlala  hava  baan  eollaotad  and  ^naXyaad.  Tha  axparlnanral  data 
ara  oharaetartaad  by  oeaipaot  fragawnta  watghXng  flva  to  625  graina,  atrlking 
valoeltlaa  aa  high  aa  12,000  faot  par  aaeond,  and  oblli|uitiaa  of  atrlka  at 
high  an  70  dagraaa.  Kavlrlual  tormulaa  of  a  f^lvan  typa  hav/i  baan  fltrad  to 
tha  data  fot  aaoh  targat  Mtarlal,  eharaby  ralatlng  fragaant  raaidual  valoa* 
ley  and  raaidual  waighe,  in  aaparata  aquatlona,  to  iaportane  iapaat  paraa> 
aeara, 

TIta  two  aaea  of  foi;autaa,  uaad  Jointly,  aarva  aa  a  baaia  for  aavaral 
axtanaiona  or  applieatlona  auoh  ta  1}  a  coapariaon,  for  aqual  wrighe  of 
targat  pat  unit  araa,  of  tha  raaiatanoa  of  targat  auitariala  to  parCotatlon, 
2)  a  calibration  of  tha  raaiatanoa  of  a  targat  aatarial  to  parforation  in 
tarna  of  tha  aaxiaua  thieknoaa  of  a  atandard  awdiua  that  tha  tKaidual  frag- 
annt  can  pnrforata,  and  3)  a  datarnination  of  tho  affaot  of  an  interaMdi* 
ata  barriar  on  tha  potoneial  of  a  fragaant  to  danaga  a  priawiry  targat  bayond 
tha  barriar. 
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INTRODUCTION 

tor  asvcral  yaara,  Cbla  laboratory  haa  been  participating  In 
ptngraaM  aponaorad  by  tha  Waapon  Syatoma  Laboratory,  Balllstlo  Reaaarch 
lAboratorlaa  (BRL),  to  aupply  Inforaatlon  for  vulnerability  analyata  and 
waapon  daaignara  on  tha  raalatanoa  of  varloua  autarlala  to  parforatlon  by 
ataal  fragawnta  and  projaetllaa.  All  of  thaaa  aiatarlala  hava  aillltary 
aignlfleanoa  but  do  not  naeaaaatily  oonatltuto  prlauiry  cargaca,  Thaaa 
■atariala  ara  rapraaaneativa  of  rhoar  uaad  for  body-arwrlng,  cranaparanolaa, 
and  apaotal  funotlona.  Thalr  uaa  may  ba  Juatlflad  baoauao  thay  hava  aoaM 
property  or  pcopartlaa  naeaaaary  or  Uaalrabla  for  a  gtvan  function  or 
acruocural  purpeaa.  For  axaapla,  bullat-raalatant  glaaa  la  a  atandard 
wtndahlald  aatarlal  In  aircraft!  aircraft  oanoplaa  arc  often  aada  of  Plaxl* 
glaa,  aa  oaat  or  aeraechad!  a  packaged  parnehuta  oontatna  a  large  nuabar  of 
folda  of  nylon  aloth.  Thaaa  atatarlala  alght  offer  oonatdarabla  realatanaa  to 
an  Inpactlng  fragiaant.  A  vulnarablllty  analyat  «uat  oontand  with  tha  problan 
of  datarialnlng  tha  axtant  of  protection  afforded  by  thaaa  natartala  In  altu 
even  though  the  prlieary  function  of  thaaa  oatarlala  nay  not  ba  one  of  axa»r« 
Ing, 

A  aubatantlal  anount  of  Invaatigatlon  la  being  aada  to  dev la* 
light-weight  arnorlng  Mtorlala  which  offer  more  protection,  -  to  pereonnel, 
for  axMaplc.  Several  conpoaltea  (conblnatlona  of  two  or  more  metarlala)  aa 
wall  aa  entirely  new  matarlela  ere  being  axaailnad.  For  comparing  the  realat- 
anee  of  light-weight  natarlals  to  perforation  by  fragments,  it  becomea 
necessary  to  establish  a  firm  measure  of  the  resistance  of  certain  basic 
materials  to  perforation.  This  report  should  help  to  meet  this  i..ed  while 
suggesting  a  rational  method  Cor  a  comparison  of  materials  In  this  particular 
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raapaet. 

Sevoral  reports  have  been  publlahad  by  this  laboratory  dealing  with 
the  teilstenoa  of  materials  to  perforation  by  fragments  and  proJeotilea« 

The  deslgnailona  and  titles  of  these  reports  are  outlined  in  Table  X.  A 
recent  report »  Taehnloal  Report  Nn.  47.  la  similar  In  seope  and  forsuit  to  the 
present  onoi  but  deals  with  a  sample  of  ton  natalllc  materials  while  the 
present  report  avaluatea  the  realstanea  to  parforatlon  of  seven  non-metalllo 
materials. 

The  bulk  of  the  experimental  data  required  to  furnish  information 
on  the  resistance  of  these  materials  to  perforation  has  been  provided  by  BRL. 
Data  from  other  souroas  such  as  a)  Army  Ohemloal  Oantsr»  Idgawoodt  Md.»  b) 
Watertown  Arsenal  UUoratoriea,  Watertown,  Maas.,  o)  Development  and  Rroof 
Servloes,  Abardaen  Proving  Ground,  Hd.,  and  d)  Midwest  Resesroh  Institute, 
Kansaa  City,  Missouri  have  supplemented  the  basic  sample;  together,  these 
data  HUka  this  study  possible. 

A  listing  of  the  experimental  data  Is  given  In  Appendix  X.  Whereas 
morn  than  one  set  of  homologous  etsol  fragments  was  used  (n  the  experinental 
work,  all  of  thsee  fragments  can  properly  be  olaselfled  as  compact  and 
reasonably  alike  In  shape.  Ana  shapes  of  these  frogments  can  be  described 
simply  ae  cylinders,  cubc-on-cyllnders,  or  nsar-cyllndars. 

Studies  In  the  realm  of  fragment  and  projectile  Impact  are  eontinu* 
Ing  at  this  laboratory.  The  resistance  to  perforation  of  compoaite  matarlals, 
spaced  materials,  and  new  materials  Is  being  examined.  The  relationship  of 
hols  else  In  the  target  to  Impact  parameters  le  receiving  some  ettenti  n  as 
well  as  the  weight,  velocity,  and  spatial  dlatributiona  and  the  number  of 
patLlcIes  formed  from  an  Impact.  The  influence  of  certain  projectile 
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paraiMitfra  on  thn  performance  of  the  projectile  Is  being  Investigated!  Im¬ 
pact  data  for  bullets,  fleoKettaa,  end  other  projectiles  are  being  collected 
for  study.  In  this  respect,  reference  is  made  to  a  current  Ballistic 
Research  Laboratories  Memarandua)  Report  entitled  "An  Empirical  Method  for 
Predicting  Target  Penotration  and  Residual  Velocity  fot  Small  Bullets  (U)". 

An  lm|iortant  eonelualon  from  this  memorandum  suggaata  that  whenever  the 
projectile  remalne  essentially  Intact  after  Impact,  Its  performanee  setsw  to 
be  directly  related  to  the  weight  and  the  presented  area  of  the  entire  pro- 
jeotllo. 

The  objectives  of  this  report  arei  1)  the  consolldatton,  revieion, 
and  extension  of  Information  pertaining  to  perforation  of  saven  nen-netallls 
matarlals  by  staal  fragments,  2)  the  development  of  amplrloal  aquations 
permitting  astlmates  of  the  residual  weight  and  veloelty  aesoelatod  with  the 
largest  portion  of  steel  fragment  that  perforates  the  target  material,  3) 
the  extension  of  these  empirical  aquations  to  provide  estimates  of  minimum 
velocltlee  for  which  perforation  is  posetble,  4)  e  comparleon  of  tho  roelet- 
once  of  non-metellle  matorlals  to  perforation  by  steal  fragmanta,  and  5)  Cha 
determination  of  a  measure  of  the  maximum  capacity  nf  the  renlduel  fragment 
for  additional  perforation  assuming.  Initially,  the  perforation  of  a  non- 
metalllc  barrier  target  with  known  Impact  paramstsra. 

The  main  technique  of  the  work  tor  this  report  Is  outlined  as 

follows: 

a.  Obtain  Cor  each  target  material  a  small  sample  of  approximately 
fifty  data  points  spanning  the  Impact  condltlcns  of  intsraat.  Thsaa  data 
points  stiauld  Include  a  careful  recording  of  all  the  Important  parameters 
describing  the  Impact  condition  as  well  as  measurements  describing  the  result. 
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b.  Fit  lndo|>end<int  equations  u£  a  given  typo  to  the  raw  data  to 
permit  Initial  eetlniatea  of  residual  weight  and  residual  velocity  for  the 
largest  portion  of  fragment  perforating  tne  target. 

0.  By  oomparlng  aotual  with  ealeulated  values  for  residual  walght 
and  aotual  with  calculated  values  for  residual  veloolty,  determine  Inpaot 
conditions  for  which  the  variation  batiMen  aotual  and  ealeulated  values  Is 
unduly  large. 

d.  Repeat  eteps  b  and  e,  after  the  results  of  new  iapaec  conditions 
are  included  tor  testlngt  to  provide  s  firitwr  basis  for  reporting. 

a.  Provide  graphical  Information  which  renders  the  equations  snra 
useful.  Combine  the  information  from  ompirioal  equations  for  several 
materials  onto  a  alngls  eat  of  grapha  for  the  sake  of  oomparlson  of  target 
awterlalSt  while  appropriately  absorbing  inequities  in  oomparison  due  to 
differences  in  densities  of  the  target  materials. 

This  technique  finally  provides  a  practical  sat  of  forsulss  for 
each  material  for  the  prediction  of  a)  minimum  velocity  for  wnioh  perfora* 
tion  is  possible  with  given  fragment  weight  and  shape,  b)  residual  velocity 
and  weight  whan  perforation  occurs,  end  c)  impact  conditions  for  which  tha 
fragment  will  shatter  completely.  These  formulas  are  especially  useful 
whenever  good  prediok...  ..s  are  needed  over  broad  ranges  of  impact  paroswters 
rather  than  when  pin*polnt  accuracy  la  needed  for  a  few  specialised  sets  of 
impact  conditions.  Tha  :o.-»vlaa  include  the  important  impact  paraowtars  and 
are  established  with  ralatlvaly  modest  experimental  effort  and  expense. 

The  target  materials  selected  for  inclusion  in  this  report  are 
listed  In  Table  XI  which  follows.  Tabls  III  summsriaes  the  ohsrsacerlstles 
of  the  experimental  data  for  each  target  material.  Table  IV  provides  the 
dimensions  and  welghca  of  the  fragments  used  in  the  experimental  program. 
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b.  Fit  ^i.ndopendant  tiquatlons  of  o  given  type  to  the  raw  data  to 
permit  Initial  eetimatea  of  reaidual  weight  and  raeldual  velocity  for  the 
largeat  portion  of  fragment  perforating  l.he  target. 

o.  By  comparing  actual  with  calculated  valuea  for  realdual  weight 
and  actual  with  caloulatad  valuea  for  realdual  velocity,  determine  Impact 
cendltiona  for  which  the  variation  batwaan  actual  and  calculated  valuea  la 
unduly  large. 

d.  Repeat  atepi  b  and  u,  after  the  reaulta  of  new  Impaet  oondltiona 
are  included  for  teatlng,  to  provide  a  firmer  batia  for  reporting. 

a.  lirovida  graphical  Inforriatlon  whieh  randara  the  equattona  more 
uaaful.  Combina  the  infermatlan  from  empirical  equationa  for  acvcral 
macariala  onto  a  ainglc  act  of  grapha  for  the  aaka  of  compariann  of  target 
matcriala,  while  appropriately  abaorbing  inaquitiea  in  eeaq>ariaen  due  to 
differeneea  in  denaitiea  of  the  target  matcriala, 

Thia  teehniqua  finally  providea  a  praetieal  act  of  fermulaa  for 
each  material  for  the  predietion  of  a)  minimum  valooity  tor  which  perfera> 
tlon  io  poaaibla  with  given  fragment  weight  and  ahapa,  b)  raaiduel  valeelty 
and  weight  when  perforation  occura,  and  c)  impact  oondltiona  for  which  the 
fragment  will  ahatter  completely.  Thaae  fermulaa  are  eepeoially  uaaful 
whenever  good  prediotione  are  needed  over  broad  rangea  of  impact  parametera 
rather  than  when  pin-point  eocureoy  Ic  needed  for  a  few  apeeialiaed  aeta  of 
impact  oondltiona.  The  formulaa  include  the  important  impact  parametera  and 
are  eatahliahed  with  relatively  modeat  experimental  effort  and  expense. 

The  target  materials  aelected  for  Inclueion  in  this  report  are 
listed  in  Table  II  which  followe.  Table  XII  suiamaciaes  the  charaoteriatioa 
of  the  experimental  data  for  each  target  material.  Table  IV  providea  the 
dimenaiona  and  weights  nf  the  fragments  used  in  the  experimental  program. 
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Q4MRICAL  RBLAT10N8HIPS 

Tha  roatacano*  of  «  auitarial  to  parforatlon  by  ataal  fragnanta  haa 
baan  ataaaurad  li>  tuny  waya.  Hara,  tha  aaaumptton  la  auida  that  thla  raaiat* 
anea  ean  ba  ralatad  to  tha  loaaaa  In  walght  and  veloelty  auatalnad  by  tha 
fragaant  during  parforatlon.  Aaeordlnglyi  axparlaantal  data  hava  baan 
eollaatad  tor  ataal  fragamita  lapaetlng  on  aaah  autarlal  of  a  varlaty  of 
non«atatalllo  targat  autarlala.  Thoaa  data  oaaaa  whara  parforatlon  waa 
aoh.avad  tMra  alnglad  out  for  tha  analyala.  Maaauramanta  of  both  tha 
raaldual  vulcelty  and  tha  raaldual  walght  wara  raoordad.  Thaaa  MaauraMnta 
rafar  to  tha  largaat  plaoa  of  tha  original  fragnant  whloh  parferataa  tha 
targat  aatarlal. 

In  Taohnleal  Raport  .  ..  (aaa  Tabla  Z),  a  aiathod  la  daaerlbad 
for  obtaining  aaiplrloal  aquationa  fron  raaldual  valoolty  data  to  ralaea 
raaldual  valoolty  to  laportant  lapact  paroaotara.  Tha  typa  of  aquation 
propoaad  lat 

Vr  -  "a  •  10*  (•A>“  »,  ®  <••«  0)’'  , 

whara  U  tha  fragownt  raaldual  valoolty  In  fpa. 

la  tha  frageent  atr Iking  valoolty  In  fpa, 
a  la  tha  targat  thleknoaa  In  Inehaa, 

A  la  tha  avaraga  praaantad  area  of  tha  fragaunt  in  aquara  Inohaa, 
la  the  walght  of  the  original  fragaunt  In  gralna, 

0  la  tha  angle  between  the  trajectory  of  tha  fragnent  and  tha 
noratal  to  the  target  material .  and 
Ci  O.  p,  y,  \  are  eenacanta  determined  aeparately  for  each  marerlal. 
The  derived  valuea  of  the  eonatanta  specifying  the  eatlnatlng 
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«9U«tton  for  fragmant  raiidual  velocity  for  each  natorlal  arc  tabulated  In 
Tablea  V  and  VI  of  Che  Reeulte  Section. 

Hie  exponential  forn  of  thla  equation  la  alnple,  yet  It  Ineludea 
the  liaportant  laqiaoc  paraMCera.  The  forn  haa  Lite  additional  naclt  of  being 
eonvartlbla  Into  a  oorreapondlng  logarlthale  forn  whleh  is  useful  because  of 
its  linearity. 

For  a  ooaparlsen  of  the  reslstanoes  of  target  mtarlals  to  perfora¬ 
tion  by  fragawnts.  It  haa  been  found  useful  to  replace  e,  the  thlofcness 
paranater,  by  another  vartahle»  It  In  the  eselMtlng  equation.  Iha  now 
variable  refers  to  the  areal  density  of  the  target  ■atarlal  and  la  Mssured 
in  pounds  per  square  foot  (see  Figure  1>.  It  la  obtained  by  sMltiplyiiii  the 
targat  thioknsaa  in  feet  by  the  density  of  the  tergst  aeterlel  In  pounds  per 
cuble  foot.  By  altering  the  forawlas  so  that  the  ehieknsss  parenster  is 
repUeed  by  the  areal  density  parenatart  It  beeoMi  possible  to  eoapara  tbs 
reslscenoes  of  target  aaterlels  to  perforation  on  the  basis  of  equal  weight 
of  target  per  unit  eras.  For  sueh  a  ooaperlsoni  refer  to  the  seotion 
entitled  "Measuring  tha  Naxlnun  Capaelty  of  the  Residual  Fragnent  for 
Fsrforetlon" . 

Ihe  criterion  for  goodness  of  fit  of  the  estlnatlng  equation  Is 
tha  nagnltuds  of  a  defined  below.  If  I^V^I^  Is  the  nagnltude  of  the  error 
BUide  in  eatloatlng  the  fragnent  residual  velocity  In  Che  1-ch  sec  of  N  sacs 
of  experlnencal  conditions,  then 
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Thickness  of  Target  Materials 
Areal  Density  of  Target 


Areal  Density  of  Target  :  E  (Ib/ft*) 


Fig.  1 
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It  !■  undetstood  that  eh*  ■•leetlon  of  fit  for  oach  targot  aatarial 
la  made  to  eorraapond  with  tha  lowaat  obtainable  value  of  o.  The  value  of  a 
for  aaoh  raaldual  velocity  aatlmatlng  aquation  la  given  In  Table  V  of  the 
Raaulta  Soetlon. 

In  order  to  obtain  an  emplrleal  formula  for  aatlaatlng  r'‘oldual 
veioelty  for  ataal  fragmente  Impacting  on  each  target  material,  tha  baale 
formula  la  aonvartad  Into  tha  aaaoelatad  eomann  logarlthmlo  formt 

log<V^  «  V^)  ■  0  +  a  log(aA)  ♦  P  log  ■,  +  T  I®*  •  +  h  log  . 

With  thin  llnaar  form,  tha  method  of  leaat  aquaraa  la  employed  to  datarmlno  a 
aatlafaatory  eat  of  valuta  for  a,  a,  y,  X,  Admlttadly,  thla  proeadura  min- 
Imlaaa  S,  defined  below,  rather  than  o,  where 


and  (AV)^  la  tha  fragment  loae  In  veioelty  aa  determined  from  tha  eatlamt^ng 

equation  and  (Zv)^  la  the  aetual  fragment  loaa  In  velocity,  both  nuitbora 

referring  to  tha  l>th  axparlmantal  sat  of  Impart  condltlona.  Thla  method  of 

calculating  the  eonatanta  hae  proved  to  be  entirely  aatlafaetory.  It  la 

often  poaalble,  by  alight  alteratlona  of  the  eonatanta,  to  Improve  tha  fit 

of  the  aatlmatlng  equation.  Rxperlenoa  haa  shown,  however,  that  the  minor 

Improvements  obtainable  do  not  Justify  the  effort. 

For  the  type  of  equation  assumed.  It  Is  poaalble  to  solve  for 

when  V  la  saro,  Thla  striking  velocity  shall  be  deslgnatad  V  .  The  constants 
r  o 

which  define  the  equation  for  ed.i.h  target  mstarlsl  are  specified  In  Tables 

VII  and  VIll  of  the  Results  Section,  The  significance  of  V  has  been 

o 

established  In  previous  reports  by  this  laboratory  where  has  been  found 
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Cp  bti  «  good  analytical  apt>roxliniicion  to  the  profeotlon  valocity]  the  lattar 

la  daflnad  to  ba  tha  hlghait  striking  valoeity  below  the  ballistic  limit  for 

which  tha  probability  of  perforation  is  aaro.  In  other  words,  tha  V  values 

0 

are  estimates  of  tha  limiting  striking  veloolties  for  which  tha  target  always 

prevents  perforation  by  the  fragiaent.  A  set  of  graphs  featuring  V  values 

0 

for  each  targat  material  is  included  in  Appendix  A. 

In  an  analogous  manner,  an  anpirleal  equation  la  developed  for  eaeh 
target  awterial  far  eseimacing  fragment  residual  weight.  The  fora  of  the 
equation  fitted  to  the  data  for  eaeh  target  material  is 
m,  -  m^  -  10®  (eA>®  mj  (see  vj  , 

where  the  only  new  symbol  is  a^,  the  weight  in  gralna  of  the  largest  portion 
of  steel  fragment  perforating  tha  target.  To  aeeosmwdate  a  similar  least 
squares  treatment  on  the  asaoeiated  logarithmle  equation,  the  assumption  is 
made  that  the  minimum  less  in  fragment  weight  is  one-tenth  of  a  grain  rather 
than  sere  grains.  The  criterion  of  goodness  of  fit  is  o*  defined  below.  If 
|Om^|^  is  the  magnitude  .if  the  error  in  estimating  the  fragment  residual 
wnlght  in  the  l-th  aet  of  N  sets  of  axperinontal  oonditions,  then 


Tha  values  of  the  oonstants  specifying  the  equation  for  estimating  fragment 
residual  weight  for  eaeh  target  material  are  given  in  Tables  IX  and  X  of  the 
Results  Section. 

With  low  striking  velocities,  the  loss  in  weight  of  «  fragment 
during  perforation  is  small  and  is  usually  Ignored.  In  such  eases,  the 
residual  velocity,  alone,  servea  as  a  good  measure  of  the  resistance  of  the 
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t«rg«e  CO  parforatlon  and  tlia  eapaeicy  of  th«  raaldual  fragaant  for  parforat- 
Int  anethar  eargat.  Aa  tha  atrlktng  voloolty  lneraaaaa»  tha  liraak-up  of  cha 
fragaant  baeoaaa  anra  and  anra  pronounoad  untilt  finally,  thia  aspaet  of  eha 
lapaoc  baa  ce  ha  takan  Into  aooount.  IIm  raaldual  walght  of  tha  fragaant 
aaiat  ha  daearalnad  aa  vail  aa  tha  raaidual  valoalty  hafora  a  propar  aatiaata 
of  tha  eapaolty  of  tha  fragaant  for  parforating  anothor  targat  it  poaalhla. 

Fragaant  raoevary  aftar  iapaok  ia  aeeoapliahad  by  tha  uaa  of  a  bairii 
of  flbar board  (Naftax)  ahaato.  lha  raaldual  fragaant  la  leoatad  within  thla 
bank  and  walghadt  tha  dapth  of  ponatratlon  of  tha  partlola  Into  tha  Naftax 
la  raootdad.  Nora  raflnad  taohnlquaa  and  ethar  raeovary  aatarlala  ara  in  uaai 
but  raeovary  In  Naftax  wax  adoptad  aa  tha  aoat  praetlaal  aathod  far  thia 
atudy.  fha  walght  of  tha  raaldual  fragaant  tagathar  with  tha  dapth  of  pona* 
traeion  Into  Naftax  auggaat  a  atr Iking  valoalty  on  tha  Naftax  whiah  aarvaa  aa 
a  rough  ehaok  on  tha  raaldual  valoalty  raoordad  for  tha  fragaant.  Iran  thia 
alapla  reoovary  taehniqua  la  tadloua  and  tlaa-oonaualng,  but  for  tha  objaa- 
tlvaa  of  thia  raport,  tha  darlvod  Inforaatlon  waa  daaaad  iaportant  anough  to 
outwotgh  thaiia  dlaadvantagaa. 

In  aany  axparlaontat  eaaaa,  tha  walght  of  tha  largaot  plaoa  of 
raaldual  fragaant  approxlaataa  tha  total  weight  of  fragaant  parforating  tha 
barrlar  targat.  At  any  rata,  tha  oapaelty  of  a  fragaant  to  perforata  a 
prlaary  target  beyond  an  Initial  barrlar  oan  bo  oonaorvatlvaly  aatlaatad  by 
oonaldarlng  only  tha  largaat  plaoa  of  fragaant  whloh  parfOrataa  the  barrlar. 
Ihla  approach  la  juatlflod  whanavar  tha  hypothatloal  prlaary  targat  ia  ana 
for  which  daaaga  froa  tha  tapaat  of  aMll,  alow-aoving  partlalaa  la  not 
anttoipatad,  i.a.,  daaaga  to  aueh  a  target  will  eaaantlally  be  that  eauaad 
by  tha  largaat,  faateat  partlola  that  lapaota  on  It.  gxaaplaa  of  auoh  tough 
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prluwry  Carg«ti  aro  th*  Inearnal  coaponanta  oH  guidad  aiaailaa  and  aiceraCc. 
Thaaa  coapoiw&ata  ara  afean  larga  and  dtffleulc  to  procaett  ao  chay  eantributa 
hoevlly  to  eha  vulnarability  of  tha  targat  aoaplax. 

On  tha  othar  hand,  whan  a  largo,  hypothatteal,  prtaary  targat  la 
antraaaly  vulnarabla  to  lapaet,  avan  from  a  anall,  alow  fragaant,  than  a 
aolutlon  baaad  on  tha  largaat,  faataat  fragaant  la  halpful  but  Inaoaplato. 

A  typioal  hlgh-tpaad  tapaot  any  raault  In  ana  aaln  fragaant  partlela,  aavaral 
aaallar  fragaant  partlelaa,  and,  poaatbly,  hundrada  of  apall  partlelaa  of 
vartabla  alia  laaulng  froa  tha  roar  aurfaoa  of  tha  targat.  Zf  any  ana  of 
aany  of  thaaa  partlaloa  aan  kill  tha  prlaary  targat,  than  It  baooaaa 
naaaaaary  to  aaeount  for  tha  total  nurtar,  oiaoa,  and  ualoaltlaa  of  thoao 
partialaa  bafora  a  propar  aaaaitto  of  tha  daaaga  raiultlng  froa  tha  lapaot  of 
tha  original  fragaant  aan  ba  aada. 

Zn  tha  laboratory.  It  la  aora  praatlaal  to  kaap  traok  of  tha 
largaat  portion  of  raaldual  fragaant  than  to  raaovar  avary  portion  of 
raaldual  fragaant  ragardlaaa  of  alaa.  Zdaal  InfOraatlon  would  provlda  tha 
watght,  apaad,  and  dlraetlon  of  aaoh  partlela  of  tha  original  fragaant  that 
auaaaaafully  parforataa  tha  targat  aatarlal  aa  wall  aa  tlw  walght,  apaad, 
and  direetion  of  avary  apall  partlala. 

*0*00 

Sata  of  grapha  for  aatlaatlng  both  fragaant  raaldual  valoolty  and 
raaldual  walght  ara  praaantad  in  Appendix  B.  Tha  uaa  of  double  ordtnataa  In 
thaaa  grapha  requlraa  aoaa  explanation.  TWo  oata  of  thloknaaa  oontoura  ara 
to  ba  found  on  aaoh  graph  of  thla  type.  Tha  thloknaaa  oontoura  drawn  with 
aoltd  llnaa  rafar  to  tha  left-hand  ordinate;  tha  daahad  oontoura  refer  to 
tha  right-hand  ordinate.  Thua,  for  a  glvan  graph  and  a  given  atrlklng 
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velocity,  two  rattoe  are  found.  The  contoura  are  shown  unly  where  both 
ratios  are  non>negatlve.  The  dotted  lines  on  these  graphs  suggest  tht  the 
aasoeiatad  residual  velocities  apply  to  a  particle  oi  Insignificant  weight 
(no  more  than  one  or  two  grains). 

No  ooBwiitBwnt  is  awde  on  the  spall  particles  which  are  forswd  from 
the  plate  lAstarial.  Liaited  observations  of  spall  patterns  reveal  wide 
axpariaantal  fluctuations  in  the  number,  else,  and  velocity  of  the  spall 
particles  from  ana  round  to  the  next  where  the  saws  impact  conditions  are 
employed. 

The  previous  remarks  amphaaise  the  need  for  using  the  aapirioal 
e^selens  for  residual  weight  and  reaidual  velocity  jointly.  In  this  way,  it 
becomes  apparent  where  the  rerulta  are  valid.  The  double-ordinato  graphs 
olaarly  display  the  regions  of  validity,  i.a.,  where  both  and  are  non- 
negative. 

An  alternate  fora  of  the  eatiaating  equation  for  predieting  frag¬ 
ment  residual  weight  isi 

(1)  -  m^  ■  10**  s”  (sac  . 

The  omission  of  tha  parameter  A,  the  average  presented  area  of  the 
fragnant,  iapliss  chat  fragments  of  a  fixed  shape  are  under  consider atien. 

Xn  a  manner  similar  to  chat  used  in  developing  a  aquation  from 
Che  estimating  equation  for  predicting  residual  velocity,  an  auxiliary 
equation  is  developed  for  predicting  conditions  for  which  the  fragment 
shatters  coaplataly  upon  impact. 

lac  m^  ■■  0  in  equation  (1).  Let  the  value  of  a^  corresponding  to 
this  condition  be  called  a  .  Then 
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<2)  ■  k  a  (aao  6) 

Kquatlan  <2)  produeaa  aatimatat  of  lHp4MC  oondtelona  for  whloh  tho 
frataant  ahaccara  on  tapaec.  for  dlaarata  aaca  of  valuaa  of  a,  d,  and 
valuaa  of  a  ara  ganaraead.  Baah  aat  of  valuaa  of  a  •  a,  0,  and  V  aatiafy 

0  OS 

Ing  aquation  (2)  daftnaa  an  tapaee  eanrileion  Cor  whlah  tha  frapMnt  la 

axvaorad  to  dlalntegrata  during  tha  parCoraeian  af  the  target.  Before  this 

raault  can  ba  aaaaptad,  It  auat  ha  aaaartalnad  that  ^  eorraapondlng  to 

tha  raaalnlng  valuaa  of  tha  paraaetara  a,  a^,  and  0. 

TO  llluatrata,  a  graph  la  prevldad  eorraapondlng  to  tha  lapaat 

aondltlon  of  aoO.S^t  0  ■  ,  with  Bullat-Roalatant  Olaaa  an  tha  target.  In 

rigura  2.  tha  aentour  for  thia  aondltlon  la  ahewn  aa  wall  aa  tha  *'ahatear 
o 

aontour".  Thaaa  aontoura  divide  tha  plana  Into  three  raglonai  1)  no 

parforatlon.  2)  perforation  with  2^  0,  and  3)  perforation  where  ■  0. 

Thla  figure  aaphaalaaa  the  feat  that  the  pradletlena  of  lapaet  eondltlona 
for  whleh  the  fragment  will  ahatter  ara  valid  only  whan  target  perforation  la 
antlalpated. 

Valuaa  of  tha  eonetanta  defining  the  a  aquation  for  aaah  of 

0 

aevaral  target  aaterlala  ara  given  in  Table  XZ.  With  two  of  the  aaven  target 
natarlala,  thaae  aonatanta  are  net  given  alnee  the  fragaant  break-up  data  for 
theae  two  target  eutterlala  ware  Inadequate  to  aatabllah  auoh  aquatlona.  for 
euoh  aaterlala,  the  higher  atrlklng  valoottlea  naeaaaary  to  aatabllah  the 
valuaa  for  theae  conacanta  could  not  ba  achieved  with  available  exparlnental 
facllltlea. 
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RESULTS 

Tha  anplrloal  fotonilM  davaloped  from  the  axparlaantal  data  on  oaoh 
at  tho  non-natalllo  targata  for  tha  purpoae  of  aatlaatlng  raaidual  volooity 
ara  of  tha  forat 

-  10*  (aA>“  (aae  «)’'  . 

Tha  valuaa  of  e.  a,  0,  r*  Md  X  ara  tabulaead  in  Tabla  V  for  aaeh 
of  tha  non'oatalllo  targata.  In  additleni  tha  aaopU  olta  N  of  aKparioontal 
data  and  tha  valua  of  0  ara  dlaplayad. 

Por  fragaanta  of  a  givan  ahapa,  thaaa  foraailaa  aan  ha  aia^lifiad 
hy  raaaval  of  tha  lapaat  pavanatar  g  to  tha  fanat 

Vr  -  Va  -  10**  a®  m^*  (aaa  S)’'  vj  , 

atnoa  for  any  fragoant  ahapa  approxlaatlng  that  of  a  ragular  ooiwax  poly¬ 
hadron,  tha  avaraga  praaontad  araa  ia  naarly  diraotly  proportional  to  tha 
two-thlrda  powor  of  tha  naaa. 

Nota  that  whanavar  a  fora  of  tha  oatlaMtlng  aquation  la  daatrad 
whtoh  onlta  tho  lapaot  paraoHtar  A,  than  aoM  aaauaptlon  haa  to  ha  aada  about 
tha  ahapa  of  tho  fragaanta  undar  oonaldaratlon.  Whan  tha  fragaanta  undar 
eonaldaratlon  ara  alallar  In  oonflguratlon  to  thoaa  uaad  In  tha  axpartaantal 
work  for  thla  raport,  It  aan  ho  aaauaod  that  tha  alapllflad  aquatlona,  grapha, 
and  eonolualona  baaad  on  tha  aaatar  aatlaatlng  aquatlona  ara  valid.  In  fact, 
axtrapolatod  pradlctlona  Croa  thaaa  aquatlona  for  bullata  with  load,  ataal, 
and  tungatan  oarbldo  coraa  ahow  good  agraaaant  with  axparlatental  raaulta. 

If  tha  fragaanta  undar  eonaldaratlon  have  largo  longth-to-dlaaatar  raeloa, 
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llk«  MM  flMhctt**!  than  thasa  aatlMtlnf  aquationa  My  not  apply*  Tha 
axpariMntal  4ata  whlah  hava  baan  uaad  to  fix  tha  aatlMtlng  aquationa  Involva 
eoapaat  fragMnta,  l.a.,  fragMnta  with  langth-to-dlaMtar  ration  aloaa  to 
rnlty.  Tha  tlapllClad  aquationa  (or  non-eeapaet  fragMnta  uould  ba  dlffarant 
(roB  ehoaa  uaad  hara  alnea  aoM  naw  ralatlenahlp  batwMn  avaraga  lapaal  araa 
and  IcagMnt  walght  uould  ba  appropriate. 

Hm  valuaa  of  o*.  a,  p*,  y,  and  X  for  tha  aquationa  aaMclatad  with 
aoapaat  fragMnta  are  tabulated  in  Table  VI. 

Tha  V  foraulaa  derived  froa  tha  Mplrleal  raaldual  valoeitjr 
o 

forMlaa  are  of  tha  forat 

*1  “l  ’'l 

v^  •  10  ‘  (aA)  *  ‘  (aaa  «)  ‘  . 


Tha  valuaa  for  0^.  and  y^  (or  aaah  targat  Mtarlal  are 

tabulated  In  Table  VIT. 

far  fragMnta  of  a  given  ahapai  thaaa  fonwlat  oan  ba  alapliflad, 
aa  before,  to  tha  forai 


op 


10 


PJ  r. 
.  ^  (aao  0)  ‘ 


Tha  valuaa  of  oj,  0|,  and  y^  (or  tha  aquationa  aaMolatad  with 
ooapaet  fragMnta  are  tabulated  In  Table  VXII. 

Tha  aaplrlcal  forMlaa  davalopad  (roa  the  exparlMntal  data  for 
tha  purpoaa  of  aatlMtlng  fragMnt  raaldual  weight  era  of  tha  forat 


a^  -  B^  -  10*  (aA)“  a^^  (aao  0)’'  V^  ^  . 

The  valuaa  of  o,  o,  0,  y,  and  X  era  tabulated  In  Table  ZX  for  aaeh 
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tuft  Mterlal.  In  addition,  tha  aaaple  alsa  N*  of  axpariaantal  data  uaad 
to  obtain  tha  raaldual  walght  aquation  and  tha  aaaooiatad  valua  of  o*  ara 
notad. 

For  fragMnta  of  a  glvan  ahapa,  thaaa  foraulaa  aan  ba  alapllflad 
by  raanval  of  tha  lapaot  paraawtar  A,  aa  baCora,  to  tna  terait 

•  10*  a**  (aao  , 

W  if 

lha  raaulelng  valuaa  of  a  ,  Qi  0  »  r»  nd  h  for  tha  aquatlona 
aaaoeiatad  with  ooapaot  fragaanta  ara  tabulatad  In  Tabla  X. 
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Tha  Intaraction  of  Vo  Estimataa  with  Estimotaa 
of  Impact  Conditiona  for  Frogmant  Shattar 


Targat  Mutariol'  Builat-RtaUtont  Gloti  Obliquity*  9 >60* 

Torgat  Thiolinaaa'  a  ■0.80" 


1  Lagand  | 

0 

No  Porforotlon 

0 

Ptrferotien 

mrbO 

0 

Porforotlon 

m,  *0 

Fig.  2 
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fullct-Rralstant  Glass  4.209  1.316  -0.473  1.289 


>26 


CONFIDENTIAL 


V 


s  i 
6  » 

9  « 


in 


CONFIDENTIAL 


I 


CONFIDENTIAL 


M 

«4 

i 


i 

I 

I 

I 

i 

s 

j 


> 

N 

a» 


"p 


I 

1 

O 

I 


^  i/t  ^  0\ 

lA  >0  M  CD  O  2^ 

««  si  r»  n  9  ^  to 

I  t  ♦  •  •  •  • 

p4  fO  N  ^ 


M  ?  M.  ^ 

^  o  *4  o  e  e  o 


S  S  i§  e  S  i  S 

•  •••••• 

o  o  o  e  e  e  o 


i.  i  M  ?  M 

^  o  O  <0  o  o 


S  S  S  §  §  3  S 


fO 


r»» 

I 


lA 

I 


I 


a> 

i 


Ai  r< 

fi  M 

3  I  I 


AJ 

i! 


•2  I 

S 


4  0< 


3 

5 

s 


«! 

h 

u 


I 


S 

I  I 


-27. 


U  U 


CONFIDENTIAL 


-28- 


CONFIDENTIAL 


CONFIDENTIAL 


CONFIDENTIAL 


-89- 


ADAPTATIONS  TO  VUIUSRABILITT  AMALTSU 
Ttw  vulnarablllty  atiAlyae,  oaleulating  tha  affaeia  of  a  hypochati* 
eal  fragatanting  «Mapon  aa  uaad  againat  aoaa  priioary  cargat,  uaually  rallaa  on 
axparlnantal  avldenea  tram  fragMitta  Cirad  alngly  againat  faoaiaila  or  Mok- 
up  targata.  Tha  earaat  la  sonaidarad  aa  an  aaaaably  of  aata  of  vital  eoaipo- 
nanta  ahialdad  by  atruotural  "ahall"  MMbara  or  othar  eoaponanta.  Firinga 
ara  oonduotad  to  datarMina  tha  laval  and  axtant  of  daaago  raquirad  to  "dafaat" 
or  "kill"  atch  vital  oeaponant  undar  varioua  kill  oritaria.  lhaaa  firinga 
provida  tha  baaia  for  an  aaqiirioat  toraaila  ralating  tha  oonditional  probabil¬ 
ity  of  killing  aaoh  vital  eoaipoiianti  givan  a  hit»  to  ooaM  appropriato  funetieii 
of  tha  waight  and  valeeity  of  tha  iapaoting  fragaant. 

Aaauaing  that  aueh  a  ralaeienahip  is  aatabliahadi  ana  e.tn  piooood 
with  tha  analyala  whan  tha  iapaat  walght  and  valoaity  of  tha  fragaant  ara 
known,  tf  tha  fragaant  iapingaa  firat  on  aoaa  barriar  targati  than  it  ia 
iaportant  to  ba  abla  to  aatiaata  tha  leaaaa  auatainad  by  tha  fragaant  in  both 
waight  and  valooity  during  tha  parforation  of  thin  barriar. 

Tha  advant  of  guidad  aiaallaa  and  othar  apaoa  targota  hat  foroad 
vulnarablllty  analyata  to  eonaidar  highar  and  highar  iapaet  valooitiaa.  With 
thaaa  highar  atrlking  valooitiaa,  tha  fragaant  tanda  to  braak  up  nora  and  noro 
whlla  ia  la  parforating  tha  targat.  Whila  tha  aignifieanea  of  fragaant 
braak-up  for  varioua  apaeifie  oendieiona  of  iapaet  haa  baan  aeknowladgad  for 
aoaa  tiaa,  thara  haa  hitharto  baan  lictlo  quantitativa  avidanea  to  ooeount 
for  thia  aapaot  of  impaot  on  non-natallie  targata. 

Tha  praaont  atudy  aakaa  it  poaaibla  to  aooount  aora  fully  for  tha 
affect  of  barriar  targata,  aa  roptaaancad  by  any  one  of  the  aevan  non-aetallie 
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MCtrial*,  on  Lhn  original  fragaant.  Tha  appropriata  aatiaating  aquations 
ean  ba  uaad  to  provida  aatiaataa  of  tha  affaetiva  fragaant  raaidual  waight 
and  velooity  for  a  hypothatioal  iapaot  aicuatlon.  Iha  analyst  can  than 
avaluato  any  auitabla  function  of  fragaant  weight  and  valoeity  to  detaraina 
tha  probability  of  killing  a  particular  eoapenant.  Xt  ia,  of  eettrsa»  tha 
raapensibility  of  tha  analyst  to  dataraina  tha  funation  of  fragaenf  might 
and  valoeity  to  ba  uaad  with  eash  eoaponant  typa.  Tha  funation  that  ia 
ehoaan  will  depend  on  tha  typa  of  oempenant  and  tha  eritarion  for  daaaga. 
Finally,  tha  aerrasponding  probability  of  killing  or  inaapaaitating  tha 
prinary  target  ia  obtained. 

Zn  graph  gat  ZXX  of  Appandia  C,  for  a  fined  eonbinatioa  of  g, 

and  V^,  four  diftarant  funationt  of  and  are  plotted  againat  target 

aroal  density.  Thaaa  grapha  aarva  to  ahow  that  the  ordaring  of  tha  oontoura 
for  the  target  Mtariala  variaa  with  tha  funation  of  and  being  uaad. 
Tharafera,  any  ooavoriaen  of  tha  rasiatanea  of  target  natariala  to  parfora> 
tion,  using  as  a  baaia  aom  aalaatad  funotton  of  ^  and  v^,  is  waakanad  by 
this  arbitrary  salaotion.  Novarthelaaa,  anao  particular  funation  of  and 
nay  bo  entirely  appropriata  as  a  naasura  of  tha  probability  of  killing  a 
given  oonponant. 
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MBASURXNG  THE  MAXIMUM  CATACITY  OP  TUB  RESIDUAL  FRAGMENT  FOR  PERFORATION 

Establishing  sdnlmum  rsqulremsnts  for  perforation  of  these  non- 
foetalUo  Materials  Is  needad,  but  this  knowledge  Is  hardly  useful  In  estlnat- 
Ing  the  capacity  for  adclttonal  psrforntloo  vhon  these  silnlssHS  requlreaents 
are  exceeded.  A  teohnlque  for  neasurlng  this  eapaolcy  for  additional  perfora¬ 
tion  will  be  dlacuased  In  this  seotlon.  This  caohnlqua  was  first  daserlbad 
In  Teahnleal  Report  No.  47. 

Usually,  the  non-sMtallle  aatarlals  are  not  thaMsalvaa  prlsury 
targets,  so  their  parfovatlon  by  fragsMnca  la  of  Intaraat  nalnly  in  tha  Sanaa 
of  the  resulting  ehangas  in  tha  oharsecarlatles  of  tha  fragsiene  during  par- 
foratlon.  Tha  two  outstanding  charaotorlstUs  which  detaraiine  tha  oapaolty 
of  a  fragasnt  for  perforation  are  the  weight  and  veloolty  of  tha  fragBont. 
Thus,  it  is  Important  to  be  able  to  estlaata  tha  lossss  in  both  fragasnt 
weight  and  veloolty  during  perforatien.  Whan  these  factors  are  properly 
estlaatad.  It  baeosMt  possible  to  aaka  a  flrat-ordar  approxlnatlon  of  tha 
BUxlnuM  oapaolty  of  tha  residual  fragsMnt  for  perforation.  With  tlia  advent 
of  fragment  break-up.  It  baconea  neeassary  to  conproaisa  In  this  aatter  by 
assuming  that  this  oapaolty  can  be  astlmated  by  eonsldering  only  tha  largast 
pleee  of  fragment  which  perforates  the  target  material  along  with  the 
aaaoolatad  residual  veloolty.  This  compromise  atlll  provides  a  useful 
maasure  of  the  capaotty  of  the  residual  fragment  for  perforation,  since  the 
largest  portion  of  tha  residual  fragment  Is  the  only  portion  that  matters 
for  the  cough  primary  target.  These  cough  primary  targets  exist  and  are  of 
major  concern  to  vulnerability  analysts  and  designers  of  weapons. 

By  means  of  Che  empirical  formulas  developed  for  relating  fragment 
residual  velocity  and  residual  weight  to  the  stain  lmp'<et  parosMters,  one  can 
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naka  aatlafaototy  aattawtaa  of  the  valuea  tor  cheaa  two  paraMtart  .  Adaict«d> 
ly,  apall  (partlelea  of  target  waterial)  and  partiolas  of  raaldual  fragaant 
other  than  the  largaat  particle  leaning  froa  the  eargac  aatarlal  at  tiaa  of 
lapaet  are  not  conaldarad.  Uaually,  the  aoct  lethal  elaaent  reaultlng  froa 
an  lapaet  for  which  thara  la  a  perforation  la  the  largaet  partlela  of 
raaldual  fragaent.  Thla  la  the  partlela  which  aoat  ragularly  panatrataa 
daapaat  Into  the  raoovary  target  behind  tha  target  aatarlal  in  tha  aapari" 
aantal  work. 

Tha  aapirloal  foraulaa  faatura  a  alngla  Miponant  for  tha  product 
of  target  thleknaaa  and  average  preeantad  area  of  the  fragaane.  Thla,  In 
affect  I  auggeata  that  if  cartatn  raaulta  are  antleipatad  for  a  given  laipact 
condition,  than  thi  aaaw  reaulta  ahould  be  enpeotad  for,  aay,  an  laipact 
aituation  whara  the  target  thleknaaa  la  halved  and  the  fragaent  ahape  la 
altered  eo  ttiat  the  average  preeantad  area  la  doubled.  Aa  long  aa  tha  pred» 
uet  of  target  thleknaaa  and  fragaent  preeantad  area  raaalna  eonatant,  tha 
aaaa  raaulta  ara  axpaotad.  Thla  aaauaptlon  haa  bean  found  tenable  at  leatt 
for  thoae  fragaent  ahapaa  which  ara  not  dlatantly  raanvad  froa  coapact  ahapea. 

Initial  efforca  to  eoapara  tha  raalatanci'  of  target  aaterlala  to 
perforation  uaed  either  frageanc  raaldual  velocity  or  raaldual  weight  aa  the 
baala  for  tha  ooaparlaon.  Neither  baala  la  entlraly  aatlefactory.  For 
axaaple,  how  doea  one  eoapara  the  relative  eapaolty  for  perforation  of  1)  a 
aaall  raaldual  fragaent  with  high  velocity  and  2)  a  large  raaldual  fragaent 
with  low  velocity? 

For  tha  condition  that  the  original  target  aaterlala  ara  parforat** 
ed,  a  more  useful  coaparlaon  of  the  ieslstanoa  of  ^hesa  aatarlala  to  parfora* 
tlon  can  be  obtained  by  examining  the  capacity  of  the  raaldual  fragaent  to 
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p«rtor«t«  a  ealtbratlng  MCertal.  The  latter  uy  be  arbitrarily  aelaetad. 

For  purpoaaa  ot  ealibr'.cton*  the  alaplaat  aapeot  (noraal  lapaet) 
la  aaaunad  for  the  Inpaet  of  the  real4ual  fragaent  on  the  oallbratlng  aaterl- 
al  regardlaaa  of  the  angle  of  lapaot  of  the  fragaant  on  the  barrlei  target. 

The  lapaot  paraaetara  whleh  datcralna  the  eapaalty  of  a  atael  frag- 
aant  for  perforation  of  a  given  aedlua  ineluda  the  fragaent  wolsht,  veloelty, 
ahapo,  and  the  angle  of  obliquity.  Catiaatea  of  valuoe  for  the  flrat  iw 
paraaetara  are  provided  by  the  aapirleal  forautae.  The  ahapa  of  the  largeat 
portlen  of  a  reeidual  fragaant  la  uaually  alallar  to  the  ahapa  of  the  original 
fragaant  whanaver  tha  raaidual  fragaent  la  of  appraelabla  alee.  There  la  a 
tandeney  for  the  fragaent  to  be  equaahad  end  thereby  randarad  laea  eoapaoc. 

Whan  there  la  eonaldarabla  braak-up  of  tha  fragaant  during  the  par- 
Coratlon  of  the  initial  target  aatartal,  the  raaidual  fragiMnt  aiay  hava  a 
ahapa  other  then  that  which  eould  raaaenably  be  eallad  eoapaoti  Xn  aueh 
oaaaa,  the  raaidual  fragaant  aay  have  an  avaraga  preaantad  area  (aaaualng 
randrae  orientation)  aevaral  tlaaa  that  of  a  eoapaet  fragaant  of  the  aaaa 
weight.  It  In  alao  of  Importanoo  to  raeognlea  thaCt  for  a  non-ooapaot  frag¬ 
aent,  thara  la  a  greater  Intarval  between  tha  alnlaua  and  tha  aaxlaua  nra- 
aonted  acaea  than  for  a  aoapact  fragment  of  tha  aaae  weight.  Thla  Impllea  a 
greater  poaalbla  variation  in  nerfnrmanoe  for  tha  non-eoapaot,  raaidual  frag- 

j 

aent  agalnat  a  given  prlaary  target.  < 

3 

Furtharooro,  raeoverad  portlona  of  fragawnte  after  laipaet  reveal,  ^ 

3 

In  many  caeae,  a  ahreddad  appearance  euggeatlng  aaieh  laea  unity  than  tha  I 

original  fragment  poaaeaaae.  Such  a  particle  appeara  oore  auaceptlble  to 
further  braak-up  on  Impact  with  a  eecond  target  than  a  freah,  unflred  parti¬ 
cle  of  the  aama  weight.  Thle  Inoreaeed  stiacaptlbilley  to  break-up  no  doubt 
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raaulcs  in  a  iownr  oapaeity  for  additional  iiorfatationa 

Tha  Inpertanea  of  oaoh  partlelt  ferawd  froa  an  iaipaet  of  a  fragaont 
upon  aona  barrlar  eargat  dapanda  on  tha  vulnarabtllty  of  tha  primary  targat 
to  parelela  lapaet.  If  tha  priaary  targat  la  axtraaaly  aanaltlva  to  aueh 
tapaot,  it  la  laportant  to  know  huw  uany  partlelaa  ara  foraad»  and  tha  walght 
and  valoelty  of  aaoh  partlola.  If  tha  priaary  targat  la  ona  which  la  not 
Itkaly  to  bo  daaagad  hy  tha  iapaoc  of  aaalli  alow  partlolaa,  than  thaaa 
partlelaa  can  ba  Ignocad. 

Tha  praaant  raport  daala  prlaarily  with  tha  aharaotarlatlaa  of  tha 
largaat  partlola  wf  fragaant  origin  raaultlng  froa  lapaot  on  a  barrlar  targat. 
Froa  tha  point  of  vlav  of  protaetlng  tha  prlawry  targat,  If  tha  priaary 
targat  oan  withatand  tha  lapaot  of  tha  largaat,  faataat-aowlng  partial#  #f 
fragaant  origin,  than  It  la  raaaenabla  to  aaauaa  that  tha  primary  targat  oan 
withatand  tha  impact  of  all  partlelaa  foraad  from  tha  Initial  lapaet. 

A  haala  la  now  of farad  for  aaaaurlng  tha  aanlaua  eapaolty  of  tha 
largaat  partlola  of  raaldual  fragaant  for  parforatlon  of  a  aaoend  aadlua. 

Tha  aaxlaun  thlcknaaa  of  thla  modlun  which  oan  potaibly  ba  parforatad  hy  tha 
largaat  portion  of  raaldual  fragaant  atrlklng  tha  calibrating  aadlua  at 
noraal  lapaet  will  ba  uoad  aa  tha  aaaaura.  To  orriva  at  thla  aaaaura, 
aatlaataa  of  tha  fragaant  raaldual  walght  nnd  valoelty  arc  requlrad.  lb  favor 
tha  parfornanoa  of  thla  roaldual  fragaant.  It  will  ba  aaauaad  that  thla  par¬ 
ticle  haa  tha  aaaa  capacity  for  parforatlon  aa  a  freah,  unflrad  fragaant  of 
tha  aana  weight. 

Sata  of  grapha,  relating  oaxiaua  thlcknaaa  of  calibrating  aacarlal 
that  can  possibly  ba  perforated  to  areal  density  of  the  non-aatallle  target 
aaterlals  for  each  of  twenty-seven  combinations  of  fragment  weight,  velocity. 
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and  angle  of  obliquity  ui-a  dl«|>luy«>il  iu  Ai>psi')<IiA  An  alumlnua  alloy, 
2024T-3«  has  been  aeleeted  as  a  calibrating  material  ainoe  much  experimantal 
work  in  ballietio  impact  has  been  performed  on  thia  well-known  struotural 
material. 

In  Appendix  E,  a  etmilar  eat  of  graphs  is  presented  using  Msftex 
as  the  ealibrating  material.  Usehnioal  Report  No,  SO  (see  Table  1)  provides 
a  eonprehanslva  traatMnt  of  the  resistanes  of  Haftox  to  penetration  by  frag¬ 
ments  of  any  one  of  eaveral  materials. 

Under  the  assumptions  which  have  been  clearly  stated,  it  is  e 
almpla  matter  to  use  these  graphs  to  compare  the  raaistenee  of  the  non- 
metallle  materials  to  perforation  by  atael  fragmants.  Tor  a  given  value  of 
•real  denettv,  the  "best"  target  material  la  that  one  lor  which  the  least 
thlokness  of  ealibrating  medium  le  needed  to  stop  the  residual  fragment, 

Xf  the  ehangs  In  shape  of  the  residual  fragment  and  the  weakened 
oondielon  ere  token  Into  aoenunt,  lower  eetlmates  of  mexlmum  thleknessee  of 
the  calibrating  msdlun  will  result.  For  purposes  of  oomparlson  of  Che 
realseanoe  of  Che  initial  target  materials  to  perforation,  this  would  not  be 
nscesaery.  The  proposed  teohnlque  dues  tend  to  over-sstimate  this  maximum 
chiekneae.  Certainly  if  Che  distortion,  ehsnga  In  shape,  end  weakened 
condition  of  the  residual  fragment  are  token  into  account,  seme  leaser  chick- 
neso  of  calibrating  material  will  be  found  to  be  equally  adequate  in  stopping 
the  residual  fragment. 

On  each  graph  in  Appendices  D  and  E,  each  of  the  non-metallle  target 
materials  is  represented  by  a  separate  contour.  One  might  ask,  how  do  these 
non-metallle  target  materials  compare  with  metallic  materials  in  this  matter? 
In  anticipation  of  this  question,  an  appropriate  contour  for  2024T-3  Aluminum 
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Alloy  has  boen  proparly  Inaerted  on  eaeh  oi  chaaa  grapha. 

Taken  cugathatt  Taohnloal  Report  No.  47  and  the  praaent  report 
provide  the  baala  for  a  broad  eonpariaon  of  the  raalatancr  of  varloua  satarl- 
•la  to  perforation  by  eteal  fragaMnta.  Tlie  aeparatlon  of  aatarlala  into  tee 
oategorlaa,  aMCalllo  and  non-aMtalliei  rapraaanta  an  arbitrary  aethed  of 
oUaalfylng  awtartala.  Inaefar  aa  reatatanoa  to  parferatlon  la  eonoerned.  It 
appeara  that  aoaa  non*Mtallle  aatarlala  ahow  to  advantagap  for  aartaln  la- 
paot  altuatlona,  over  aatallle  aatarlala  noratlljr  aonaldarad  aa  araor.  Thera 
ara,  undaratandably,  aany  othar  faotora  to  oonaldar  In  tha  aalaotlen  of  a 
aatarlal  for  aoaa  partiaular  ftinatlonp 
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CONCLUSXONS 

1.  rr«a<Mne  nharcer  <oonplaee  distntaitratlon)  upon  iBpaet  on  non- 
oataXlic  t«goea  1>  not  likely  unleie  the  impaee  eondtelon  la  an  axtrane  one, 
e.g.,  thick  tergett  high  obliquity,  aoell  fragMnt,  end  aerlklng  velocity  In 
oxoeaa  of  6000  fpa. 

3.  rregaiant  break-up  la  not  aa  or  Ideal  a  eonaidaration  for  Inter- 
■adlate  -ulklng  velocitlea  with  non-neceiiio  tergata  aa  with  Mballlo  targaea. 
Thla  being  the  oeae,  the  fregaMnt  realdual  veloeltyt  alone,  ean  aarva  adequate¬ 
ly  aa  a  orieerlon  in  the  eoaparlaon  of  the  reaiatanea  of  aueh  target  aMterl- 
ala  CO  ballletie  laqiaat. 

3t  With  Bonded  and  Unbonded  Nylon,  uaod  In  a»daraee  thloknaaoea 
correapondlng  to  their  military  funetlona.  It  la  virtually  tmpeaotble  to 
locate  impact  oonditluna  which  produce  aerieua  fragment  break-up  (luring  the 
perforatlon< 

4.  Tbr  ramarka  concerning  Che  comparative  reaiacance  of  the  aeven 
non-matallie  target  materiala,  two  different  acta  of  grapha  apply. 

4' .  The  flrat  aet  of  grapha  aatlnatea  the  thlokneaa  of 
calibrating  awdlum  needed  to  atop  the  fregmant  which  haa  impacted 
on  a  known  target  materiel  with  given  creel  denalty.  With  auch 

"bast”  tcrgct  scateclcl  la  that  one  for  which  the  laaae 
thickneaa  of  eallbretlng  medium  la  required  to  atop  tha  realdual 
fragawnt.  Whether  the  eallbretlng  material  la  2024T-3  or  Maftex, 
the  following  oboervetlona  have  been  made  from  aueh  grapha t 

a)  At  low  velocitlea  (~  3000  fpa) ,  Unbonded  Nylon 
offera  the  greateat  protection  of  the  non-Metalllo 
target  materiala,  aurpasalng  even  the  raaletance 
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of farad  by  2024 T-3|  a  typical  armoring  material, 
b)  At  Intarmedlata  veloeltlas  ( <%>  6000  fpa)t  a  aur** 
prlalng  feature  la  that  all  the  nuterlala  oonaldered 
offer  oaaantially  the  aaae  reaiatance  to  perforation, 
e)  At  high  velooltlaa  (  ~  9000  fpt)  and  for  omall 
CragoMnta,  Doron  and  Bullet-Realatant  Olaae  aeen  to 
ahow  aoM  auperiorlty  over  the  other  non«aataltte 
target  oMtariala.  Aa  the  frageant  alae  Inoraaaee, 
ehia  auperiorlty  tenda  to  vanlah. 

d)  At  low  velocity  the  reaiatance  of  Stretched  Plexl* 
glaa  la  elMiler  to  that  of  PUKlglaa  a»  caatt  however, 
with  Inoreaalng  frogaant  veloelty,  Stretched  nextgUe 
ahewe  to  Incraealng  edventega  over  Plexlglea,  as  eeat. 

e)  Hhereaa  Unbonded  Hylen  of fere  ecre  reelatanoe  to 
perforation  then  Bonded  Nylon  at  lew  velocltlea,  the 
revarae  la  true  at  high  velocltlea. 

t)  Aawng  the  tranaparenclea,  Bullat-Realatant  Qlaaa 
appeara  to  offer  the  aoat  reaiatance.  In  general, 
g)  For  oar  tain  Impact  cendltlona,  2024T-3  Alualnuoi 
Alloy,  a  typloel  metallic  target  materiel,  appeara  to 
offer  leaa  raalatance  chan  one  or  another  of  the  non- 
metalllc  mater lala.  In  fact,  only  at  high  velocity 
and  low  obliquity,  la  It  denonatrated  that  Che 
aluminum  alloy  ehowa  a  clear  advantage  over  the  non*> 
metallic  target  maCerlala. 
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4".  Tha  caoond  aet  of  graphs  relatas  to  araal  danalty  of 
cargat.  Again,  a  contour  for  202AT-3  AliualnuM  Alloy  has  been  In¬ 
serted  on  eaeh  such  graph  to  oonpare  the  non-Mtallte  target  nateri- 
ala  with  a  representative  laetali  On  the  basis  of  tha  positions  of 
the  contours  on  those  graphs,  the  following  eoneluaiona  tsay  be  drawnt 

a)  Fur  inpast  eondirlone  with  low  areal  density  of 

2 

target  (<  5  lb/ ft  ),  Uhbonded  Nylon  and  Doron  offer 
generally  the  nost  resiatanse  to  parforatient  their 
resistanea  is  eoaparabla  to  that  of  2024T-3  Aluainws 
Alley  fbr  aueh  eondltiens. 

b)  Vor  lapaet  eondttions  with  high  areal  density  of 
target  (8-lS  Ib/ft^),  thara  la  little  avidanea  to 
guide  tha  seleetlon  ef  an  outatandlng  target  ■aterlal. 
This  would  suggest,  that  for  aueh  a  range  of  areal 
density,  the  target  aaterlal  aalaetad  for  a  glvan 
funetlott  would  be  aalaetad  on  tha  basis  ef  ether  een- 
slderatiens,  rnther  than  realstanee  to  perforation. 

e)  Plexiglas,  as  east,  exhibits  sosiswhet  nora  reaiat- 
anee  than  Stretehad  Plexiglas  for  Inpaet  eondltiens 
with  lew  araal  density  of  target |  as  the  areal 
density  inereaaas,  this  slight  superiority  disappears, 
d)  Bonded  Nylon  offers  a  slight  advantage  in  reslst- 
anoe  over  Unbonded  Nylon  at  inpaet  eonditlons  of  high 
areal  density;  otherwise,  the  Unbonded  Nylon  is  def¬ 
initely  superior. 

a)  Generally,  laxan  offers  the  least  resistance  co 
perforation  of  all  the  SMterlals  testod. 
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Appmdtx  A 


Oraph  S«e  li  va  for  Saloofcod  Valuta  of  a 

O  i 

riga.  3-7.:^ 


Motai  la  tha  valua  of  tcrikinf  valeelty,  V^,  obtalnad  froai  eha  aaplrieal 
fornulaa  by  ttcelnR  Cha  roaidual  valooity,  aqual  to  laro.  Tha  aignlfi* 
oanoa  of  cha  valuaa  haa  baan  aatabliahad  in  praviout  raporta  by  chla 
laboratory  whara  haa  baan  found  to  ba  a  good  analytleal  approxlauttlon  to 
tha  protactlon  valooltyj  tha  lattar  la  daflnad  to  ba  tha  hlghaat  aerlklng 
valoeity  balow  tha  balllatle  limit  for  whloh  cha  probability  of  parferatlon 
It  aeru.  In  othar  worda,  Cha  valuaa  ara  aatlmataa  of  tha  limiting 
atrlklng  veloclclaa  for  which  cha  targat  alwaya  pravanta  parforatlon  by  tha 
fragment . 

Daahad  oontoura  In  thla  tec  rapreaant  thlokneaeaa  of  target  material 
exceeding  thoaa  uaad  In  Che  BRL  experimental  work  for  that  targat  material. 
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Vo  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity:  0*  Fragment; 

Target  Material:  Unbonded  Nylon  Shop®;  Compact 

Mn^triol:  St«el 


Fig.  3 
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V«  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity:  60*  Fragment: 

Torget  Material:  Unbonded  Nylon  Shope;  Compact 

Motoriai:  steel 


rig.  4 
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Vo  vs  Frogment  Weight  for 
Selected  Target  Thicknesses 

Obliquity:  70*  ^rogment: 

Target  Material:  Unbonded  Nylon  Shape;  Compact 

Motenol;  Steel 


Fig.  5 
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Vo  V8  Fragment  Weight  for 
Soiected  Target  Thicknesses 


Obliquity:  0*  Kragmtnt: 

Target  Materiol:  Bonded  Nylon  Shop*:  Compoct 

Mottrial:  8t«ti 


10  IS  20  30  so  70  100  ISO  200  300  400 

m,  ( grains) 

Fig.  6 
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Vo  V9  Fragment  Weight  for 
Selected  Target  Thicknesses 


Obliquity:  60*  Fragment: 

Targtt  Materiol:  Bondtd  Nylon  Shopt;  Compoct 

Material:  steel 


10  IS  20  30  so  70  100  ISO  200  300  400 

m,  (groins ) 

Pig.  7 
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V*  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity:  70*  Fragment: 

Target  Material:  Bonded  Nylon  Shapai  Compod 

Mottriol:  Steel 


10  IS  20  30  so  70  100  ISO  200  300  400 

m,  (groini) 


Fig.  B 
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Vo  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity:  0*  Fragment: 

Target  Material;  Lexan  Shape;  Compact 

Materiol;  Steel 


10  tS  20  90  so  70  100  ISO  200  300  400 

m,  (grains) 

Fig.  9 
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Vo  V8  Fragment  Weight  for 
Selected  Target  Thickneeeee 


Obliquity :  60*  Fragment : 

Target  Material:  Lexan  Shape:  Compact 

Moterioi;  steel 


10  15  20  30  50  70  100  150  200  300  400 

m,  (groins) 

Fig.  10 
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Vo  vs  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity:  70*  Fragment: 

Target  Material:  Lexan  Shope:  Compact 

Mattrlal:  Steel 


10  15  20  30  50  70  lOO  ISO  200  300  400 

m,  (grains) 

Klg.  11 
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Vo  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity!  0*  rragmtnt: 

Targtt  Matcriol:  Plexiglas ,  os  Cast  Shopt  ;  Compoct 

Motsrlol:  ststi 


10  IS  20  so  so  70  100  ISO  200  300  400 

m,  (grains) 

Fig.  12 
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Vo  vs  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity:  60*  Frogmtnf: 

Tgrget  Mottrial:  Plexiglas,  os  Cast  Shops:  Compact 

Motsrial:  Sts  el 


10  15  20  30  50  70  lOO  ISO  200  300  400 

m,  (grains) 

Klg.  13 
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Va  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity  .•  70*  Frogmint : 

Targtt  Material;  Plaxiglott  at  Cast  snopt;  Compoct 

MottrlQl:  steel 


10  19  20  30  90  70  100  190  200  300  400 

( grain! ) 


Pig.  14 
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Vo  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 


Obliquity:  0*  Fragmtnt: 

Target  Moterial:  Stretched  Plexigloi  Shop#:  Compoct 

Mottriol:  sttel 


Fig.  IS 
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Obliquity :  60 

Target  Mottrial 
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V®  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 


Frogmant : 

StrstOhed  Pitxiglos  Shape ;  Compact 

Material:  Steel 


IZZl 


:0  30  50  70  100  ISO  200 

m,  (graini) 

Fig.  16 
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V«  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity :  70*  Fragment : 

Target  Material:  Stretched  Plexigloi  Shape:  Compact 

Materiol:  Steel 


10  15  20  30  so  70  100  ISO  200  900  400 

m,  (grotne) 

Fig.  17 
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V«  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity :  0*  Fragment : 

Target  Materiol:  Doron  s^pb  ■  compact 

Mottiiol:  steal 


Ftg.  IB 
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Vo  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity:  60*  Frogment: 

Torgtt  Mattriol:  Ooron  Shap«>  compact 

Material:  Steel 


Ftg.  19 
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Vo  V9  Fragment  Weight  for 
Selected  Targe;  Thicknesses 

Obliquity :  70* 

Targ«t  Mattriul:  Ooron 


Progment : 

Shope'  Coriipuct 
Motpriol;  St««l 


Fig.  20 
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Ve  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity :  0*  Fragment : 

Target  Material:  8uilet*Retietant  Otaet  Shopo:  Compact 

MoUrlal:  Steel 


10  IS  20  30  so  70  100  ISO  200  300  400 

m,  (grain!) 

Fig.  21 
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Vo  V8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity:  60*  Frogmen): 

Target  Material:  Bullet-Resietont  Olate  Shape:  Compact 

Moterlol:  Steel 
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Vo  v$  Fragment  Weight  for 
Selected  Target  Thicknesses 


Obliquity:  70*  Frogment: 

Target  Material:  Bullet*Retiftant  Oiau  Shopa;  Compoct 

Motarial:  Statl 
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Vo  v8  Fragment  Weight  for 
Selected  Target  Thicknesses 

Obliquity:  60*  Fragment: 

Target  Material:  Bullet'Reeistant  Glass  Shops:  c  npoct 

Motffriol:  Stssi 


10  15  20  30  50  70  100  ISO  200  300  400 

m,  (grolna) 

Fig.  22 
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Appandix  B 


Graph  Sat  II^ 


^  and  va  V  for  Salaotad  Valuaa  of  ■  and  6 

a  a  * 


riga.  24>86 


Hotat  Tha  uaa  of  doubla  ordlnataa  In  thaao  grapha  raqpiiraa  aooM  axplana* 
elon.  Two  aata  of  ehieknaaa  oontoura  art  to  ba  found  on  aach  graph  of 
this  typa.  The  thlehnaaa  contours  drawn  with  solid  lines  refer  to  the 
left-hand  ordlriatai  the  dashed  contours  refer  to  the  right-hand  ordinate. 
Thusi  for  a  given  graph  and  a  given  striking  velocity,  two  ratios  are 
found.  The  contours  are  shown  only  where  both  ratloa  are  positive.  The 
dotted  lines  on  these  graphs  suggest  that  the  associated  residual  veloci¬ 
ties  apply  to  a  particle  of  Insignificant  weight.  These  remarks  emphasise 
tha  need  for  using  the  empirical  equations  for  residual  velocity  and  residual 
weight  Jointly.  In  this  way  it  becomes  apparent  where  the  estimates  are 
valid,  l.e.,  where  both  esclmates  nrp  positive. 
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and  —  vs  Vs  for  Selected  Target  Thicknesses 
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ond  —  vs  V,  for  Selected  Target  Thicknesses 

Target :  Unbonded  Nylon 
Obliquity :  O* 
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and  vs  V.  f3r  Selected  Target  Thicknesses 
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ond  ^  vs  V,  for  Selected  Torget  Thicknesses 
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ond  vs  V,  for  Selscted  Target  Thicknesses 

Target:  Lmor 
OMiquHy :  O* 


CONFIDENTIAL 


"85«* 


CONFIDENTIAL 


0002  0001  OOS 


ond  vs  Vs  lor  Selected  Target  Thidcriesses 
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Ooshcd  Thichnesc  Contours  Refer  to  Ordinate 
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T»«et  Thicknesses 
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ond  —  vs  V,  for  Selected  Target  Thicknesses 
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and  ~  vs  V.  for  Selected  Target  Thicknesses 
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CONFIDENTIAL 


and  ^  vs  Vs  for  Selected  Target  Thicknesses 
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Appendix  C 


Creph  Sat  Illi  ((m^.  va  8 
fov  «  VareUular  Coublnation  of  0, 


Flaa.  87-90 


Hotat  Within  thia  aet  of  grapha,  a  contour  for  a  parctoular  matarial  la 
ahovm  only  for  thoaa  valuaa  of  the  abaclasa  for  which  and  are  both 
non-negative.  Furthermore,  the  contoura  are  not  atgntflcantly  axcrapolated 
beyond  the  Interval  of  thtcknesaea  of  target  material  employed  In  Che  baaie 
BRL  experinutnca. 
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f(m^,Vp)  V8  E 

for  Various  Combinations  of  mg,e,andV, 

m,*  100  grains  d>60degree8  Vg>6000  fps 


tdneiMi  of  B.R.OIoo«) 


E(ib/ft*) 

¥  « 


Unbondsd  Nylon - 3.31  Strotchsd  PImIqIos - 2.01 

Bonded  Nylon  .  2.66  Ooron  1.23 

Lexon  -  2,06  B.  R.  Glo««  -  1.00 

Colt  Plexiglas  - 2.01 

^Ratlo  of  Motorioi  fMckntt*  Rolsiivo  fe  a  Unit  Thickntio  of  B.ff.  Oloto 

Ms.  87 

CONFIDENTIAL 


i  ii  Sit  tik 


f  («,,*,)  •  M,V,IO 


CONFlDtNTIAL 
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confidential 


f  (m^.vj  V8  E 

for  Various  Combinations  of  m,  ,e,andV, 
n\*  too  grains  6  *60  degrees  V,  ■eOOOfps 


tdnchM  of  B.R.OIost) 


Unbonded  Nylon - 3.31  Stretched  Plexigiot -  z.OI 

Bonded  Nylon  .  £.66  Doron  1.23 

Lexon  -  2.06  B.  R.  Oloee  -  1,00 

Coe*  Plexiglas  -  2.01 

‘*'Nailo  ol  Motirlsl  TMcknan  n*leii«a  to  a  Uall  Thlaknaat  of  B.  n.  Slat* 


Pis.  89 

CONFIDENTIAL 


f  *  «,* 


CONIIDtNTIAL 


Mir  "If  trt 


CONFIDENTIAL 
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Ajipandlx  U 


Graph  Sac  ZVi  •  (Inehas  of  2024T«3)  va  S 
for  Varloua  Coa&lMtlona  of  0,  and 

riga.  91-117 


Notoi  Tht  ordlnaCQ  reproMnca  an  aaetnato  of  tha  ■axtwim  thloknoaa  of 
calibrating  aMtcrlal  that  can  poaalbly  be  parforatod  by  tha  largaat  portion 
of  tha  raaldual  fregmant  after  tha  original  fr.igmtnt  haa  Impaatod  Initially 
on  one  of  the  given  targeta.  Tha  aaaumptlon  li  made  that  the  residual 
fragment  atrlkoa  tha  calibrating  oatarlal  at  normal  Impact  and  thati  fur- 
thamora,  tha  chape  of  the  orlglmil  fragment  la  retained  deaplte  any  loaa 
In  might. 

On  each  graph  In  this  appendix  there  appear a  a  value  of  Og.  Thla 
value  la  an  eatlmaLe  of  Uiu  maximum  thlcknuaa  of  the  calibrating  material 
that  the  original  fragment  can  perforate,  aaaumlng  normal  Impact  and  no 
intermediate  barrier. 

The  contours  are  limited  on  these  graphs  to  3.0"  of  2024T-3.  Thla 
represents  the  maximum  thickness  of  this  material  that  has  been  consldored 
in  BRL  slngic-target  firings.  In  fact,  there  Is  no  Instance  to  date  of  a 
perforation  of  3.0"  of  2024T-3  in  BRL  experimental  work  with  compact  frag¬ 
ments. 
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CONFintNTIAl 


®20S:4T-S  ^ 

for  Various  Combinations  of  m,  .GiOndV, 


m,"  30  grain#  6»0  degrees  V,  "3000  fps 

tOnchM  oi  B.R.OlMi) 


Unbonded  Nylon - 3.31  Stretched  Plexigloe - 2,01 

Bonded  Nylon  .  2. SB  Duioii  1.23 

Lexon  “■  Z.06  B.  R.  Oloee  i.qo 

Coet  Plexigloe  - 2. 01 

of  leoWrlol  TWtkBOi*  Rolollvt  to  o  Unit  ThUXooio  Of  I.R.  Olato 
Fig.  91 

CONFIDENTIAL 


of  202«T-9I 


¥ 

unbonded  Nylon - 3.51  8ir#tch*d  PiMiqlo* - 

Bondtd  Nylon  .  2  66  Ooron  - 

L«xon  2.06  B.  R.  OlOM  - 

Cost  pitxigloi  2.01 


*  Q  oi  O 


of  2D24T.ai 


i:>6- 


CONIIDtNTIAl. 


®2024T-3 


V8  E 


for  Various  Combinations  of  m,  lO.andV, 


m,* ',500  flrain#  6»0  degrees  V,  ■  3000  tps 


•dneiwa  of  B.R.Oloot) 


Unbondtd  Nylon 

¥ 

- 3.31 

Stretched  Plexiglas - 

¥ 

2.01 

Bended  Nylon 

.  2.66 

Doron  - 

1.23 

Lexon 

-  2.06 

B.  R.  Gloss  - 

1.00 

Cost  Plexiglas 

- 2.01 

*'Ratle  of  Motoriol  ThleRnott  RtiofUo  to  o  Unil  Thickniii  of  B.R. Olott 


rig.  93 


CONFIDENTIAL 


of  2024T-3) 
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•137' 


®E0?.^T-3  ^ 


for  Various  Combinations  of  mg, 6, and  V, 


m,“  30  groins 


6  *60  degrees  V,  >3000  fps 


oiiflcMt  of  B.R.OIms) 


¥  * 

unbonded  Nylon - 3.31  Stretched  Plexlglot - 2.01 

Bonded  Nylon  .  2. 66  Doron  1.25 

Lexar.  -  Z  06  B.  R.  (jIom  -  1.00 

Cost  Plexiglas  - 2.01 


■""Ratio  of  Mflloflol  TWcMioo*  RolofWo  to  o  U«ll  Thle»BO$i  of  B.R.Otr:? 

Fl8<  94 


CONFIDENTIAL 


of  2024T-3I 


>13S« 


CONFIDENTIAL 


®2024f-S  ^ 


for  Various  Combinations  of  m,  ,0,ond  V, 

m,”  100  grains  6  *60  degrees  V,  *3000  fpe 


tdnchM  of  S.R.Oioio) 


CONFIDENTIAl 


®20  .4T-:.  ^ 

for  Various  Combinot  ons  of  mj,©,andV, 

t,  S 

m,"  300  grains  0  •fiOd«gr«es  V,  ■  3000  fpn 

\  \  ^  •(indiM  ct 


1 

i 

nil 

.  i-L 

C.‘r  "t  ».0  y;'  2.0 


aJL^J _ 

40  7.0 


-Jj 


Uhbon4td  Nylon - ^  S<r«tchtd  Pltnljlo* -  — — 

Bondtd  Nylon  Ooron 

Ltxon  — ..>.06  B.R.GIo«9 

Colt  PlMfgloi  -  J  —  i'  0 1 

of  .,icl<n***  W  lofl**  to  0  Uolf  Ot  I.N.OIttO 

# 

^  •  ■?.  96 


CONFIDliNTIAL 


«f  2024T-3} 


CONFIDriNTIAL 
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®2024T-S  ^ 

for  Various  Combinations  of  m,  ,6,ond  V, 

m,”  100  grains  6  *70  degrees  V,  ■  3000  fps 

•OncttM  wr  B.R.OIott) 


Unbonded  Nylon - 3.31  Stretched  Plexigloi - 2.01 

Bonded  Nylon  .  2.66  Boron  1,23 

Lexon  2.06  B.R  Glaee  -  1.00 

Cost  Plexiglas  - 2.01 

'’’'Rails  of  Malarial  THicknati  Rilotlvt  lo  o  Unit  Thlcknaai  of  B.R.OIaia 

Fig.  98 

CONFIDENTIAL 


frf  2024T-3) 


CONIll)!;.NriAL 


•.A2. 


‘^cO.MT-s  vs  E 


for  Various  Combinations  of  m6,0,andV, 


m,"  300  grains  6  » 70  degrees  V,  *  3000  fps 


tOncttos  ti.n.OiMt) 


unbonded  Nylon - 3.31  Stretched  Plexlgl os - 2.01 

Bonded  Nylon  .  2.66  Ooron  1.23 

Lexon  ■  2.06  B.  R.  Gloss  -  1.00 

Cost  Plexiglas  - 2.01 

^RAile  of  Moforlol  ThleknoM  Noiativo  to  o  Unit  Thlcknoio  of  B.R.  Ola«« 

rig,  99 


CONFIDENTIAL 


•finctes  of  2a2«T-3} 


CONHDliNTIAl 
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®2024T-3  ^ 

for  Various  Combinations  of  m*,0,andV, 

m,*  30  grains  d>>0  degress  V,  >6000  fps 


adnetMt  or  B.K.Olna) 


Unbonded  Nylon - 3.31  Stretched  Pltxigloe - -2.01 

Bonded  Nylon  .  2.66  Doron  1,23 

Leson  -  2.06  B.R.  Gloat  -  1.00 

Coat  Plexiglas  -  2.01 

of  Maltrlal  KalolUi  te  a  Unli  TklcK««i*  of  B.R.OIait 

KS.  100 

CONFIDENTIAL 


ef  Z024T.3:- 


CONUDIiNTiAL 


-lAA- 


for  Various 
m,"  100  grains 


®2024T-3  ^ 

Combinations  of  m,  ,G,and  V, 

6*0  degrees  V,  •  6000  fps 


•(inetMt  of  B.R,Olooi) 


* 

Unbonded  NyJon - 3,31  Stretched  Plexiqlot -  —  g.oi 

Bonded  Nylon  .  2.66  Doron  1.23 

Lexon  - 2.06  B.  R.  Gloee  -  J.OO 

Cost  Plexiglos  2.01 


Ratio  ol  Malarial  Tliltknait  Ral«tl»a  to  a  Unit  Thlcknaai  of  8.  R.  Gloat 

Pig.  101 

CONFIDENTIAL 


a«2024T-S} 


CONriDFNTIAL 


1A5< 


®2024T-5  ^ 

for  Vorious  Combinations  of  m,  ,d,andV, 

m,*  300  grains  d>0  degress  V,  >6000  fps 


•(incMa  of  R.R.QIoot) 


¥ 

Unbondod  Nylon 

- 3.31 

Bonded  Nylon 

.  2.66 

Ltxon 

-  2.06 

Cotl  Ptexigioe 

-  2.01 

« 

StretenedPitRiglot 2.01 

Doron  - -  1.23 

B.R.  QJoM  -  1.00 


Rltlo  Of  Moltrlol  TMtkiiM*  RtlolUo  la  a  Ualt  TkUkaoit  of  I.R.Oloa* 

Fig.  102 

CONFIDENTIAL 


'14b« 


CONFIDLNIIAl. 


®2024T.3  ^ 

for  Various  Combinations  of  mg.SjOnd  V, 

m,"  30  grains  6*60degrfle8  Vg*6000  fps 


•(tncMi  of  B.R.Oiots) 


I 


E(lb/fl*) 


#  * 

Unbondtd  Nylorr - 3.31  Strttcrrsd  PlMlglot - 2.01 

Bonded  Nylon  .  2.66  Doron  1.23 

Lexon  ■  2.06  B.  R.  Gloe*  - -  1.00 

Cost  Plexiglos  - 2.01 


^Rtllo  of  Mottrlol  Thieknot*  Pololtvo  to  a  Unit  Thl«kn«it  of  B.  R.  Olett 


Fig.  103 
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®2024T-3  ^ 


for  Various  Combinations  of  m,  ,0,andV, 

m,"  100  groins  6  "60  degrees  V,  "6000  fps 

of  B.R.OI(W0) 


*  * 

Unbonded  Nylon - 3.31  Stretched  Pie* Igloe - 2.01 

Bonded  Nylon  .  2.66  Doron  1.23 

Lexon  ■■  2.06  B.  R.  Oloas  - -  1.00 

Coat  piexigloa  - 2.01 


^HoMo  dtaUflol  Thlc>n*»»  XtlofU*  ♦«  «  UnM  TMcXn*»»  a.  R.  8lo»» 

Fig.  104 

CONFIDGNTIAL 
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CONHDINIIAL 


for  Various 


®2024T-S  ^ 

Combinotions  of 


m,  ,0,and  V, 


m,*  300  grains  6  “60  degrees  V, «  6000  fps 
•(incMs  of  B  R.OIoot) 


«  * 

unbonded  Nylon - 3.31  Stretcned  PiSKiglos - 2.01 

Bonded  Nylon  .  2.66  Ooron  1,23 

Lexon  2.06  B.  R.  Gloes  -  1.00 

Cost  Plexiglas  - 2.01 


of  Moltriol  TWcdtioo*  RoiotWo  fo  o  Unif  Thleknooi  Of  B.  R.  Oloit 
Fig.  105 

CONFIDENTIAL 


CONFIDENTIAL 
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®2024T-3  ^ 

for  Various  Combinations  of  m,  ,0,ondV, 

in,’ 30  grains  6 -70 degrees  V,  •eOOOfps 


•(inctiM  of  B.R.OIM*) 


■If  # 

Unbonded  Nylon  — — -  3.31  Stretched Plixiglot 2.OI 

Bonded  Nylon  .  2.66  Doron  - -  1.23 

Lenon  -  2.06  B.  R.  OloM  -  1.00 

Cost  Plexiglas  - 2.01 


R«llo  of  Moltrlol  TMekntM  Ritlallv*  le  a  Unit  TMeknctt  et  B.R.  Slot* 

rtg.  106 

CONFIDENTIAL 


• it  iftitfilttB 


CONHDtNTIAL 


®2024T-S  ^ 


for  Various  Combinations  of  m,  ,e,and  V, 

m,*  100  groins  6  "TO degrees  V,  ■  6000  fps 

•OnchM  of  B.R.QICN9) 


illi 

liiiiiwisigqiiiiili 


aiiiii 


10.0  16.0 


EOb/ft‘) 


Unbonded  Nylon 

u 

- 3.3! 

Stretched  Piexiglos - - 

* 

2.01 

Bonded  Nylon 

.  2,66 

Doron 

1.23 

Lexon 

-  2.06 

B.  R.  Gloss  - 

1.00 

Cost  Piexiglos 

-  2.01 

el  Meteriol  TMckne**  Hvlqiive  lo  0  Uftll  Thiekneet  el  B.R.  Sleet 
Fig.  107 

CONFIDENTIAL 


.Sii 


oi  2024T.3) 


CONFIDENTIAL 
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®2024T-3  ^ 

for  Various  Combinations  of  ms,0,andV, 

m,"  300  grolna  6  ■TOdegreoa  V,  ■  6000  fps 


•UncMi  of  B.R.QlMa) 


Unbonded  Nylon 

- 3.31 

Stretched  Plexlgtoe - 

2.01 

Bonded  Nylon 

.  2.66 

Ooron 

1.23 

Lexon 

- 2.06 

B.R.  Oloee  - 

1.00 

Coet  Plexlgtoe 

- 2.01 

'^‘Raflo  0*  Maftrlol  TM«hit«it  R«le»l«t  to  o  Unit  Thiekn***  «t  B.R.  Olaii 


ng,  108 

CONFIDENTIAL 
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CONFIDENTIAL 
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®2024T-3  ^ 

for  Various  Combinations  of  m,  ,©,and  V, 


m,”  30  sratnb  6*0  degrees  V,>9000  fp8 


•(ineSM  of  B.N.QlMt) 


Unbonded  Nylon 

¥ 

- 3.31 

Stretched  Plexiglas - — 

« 

2.01 

Bonded  Nylon 

.  e.66 

Ooron 

1.23 

Lexon 

-  2  .06 

B.  R.  Gloss  — 

1.00 

Cost  Plexiglas 

- 2.01 

^Rtflo  of  Motarlel  Thtckiiooo  Roloflyo  to  0  Unit  TMekntto  Of  B.R.RIot* 


Fig.  109 

CONFIDENTIAL 


•{incuts  of  2024T-S} 


CONFIDENTIAl 


1S3< 


®2024T-S  ^ 

for  Various  Combinations  of  mei9^andV, 

m,”  100  grains  6  >>0  degrees  V,  ■  9000  fps 


•{incMs  of  B.R.G'ois) 


Unbonded  Nylon - 3.31  Stretched Pleslflloe----- 2.01 

Bonded  Nylon  .  2.66  Doron  1,23 

uexon  -  2.06  B.R.  Olose  -  1.00 

Coet  Plexiglas  - 2.01 

^Ratlo  0>  Mottrtsi  TMcknMI  Rttoflvt  10  0  Unit  Tkicknoil  of  B.R.OIott 


Ftg.  110 

CONFIDENTIAL 


0f  2024T-3} 


Unbondtd  Nylon  — — — -  3.3I  Stritchid  Pltxiglot — ••—2.01 

Bonded  Nylon  .  2.66  Doron  1.23 

Lexon  -  2.06  B.  R.  Qloss  -  1.00 

Cost  Plexiglas  - 2.01 


‘^Rotlo  of  Moforlol  Thlcknttt  Rolotivo  lo  o  Unlf  TMcknoit  of  O.n. Slokk 

Fig.  Ill 

CONFIDENTIAL 


r- 


CONFIDtNTIAl 

-iss- 

®2024T-3  ^ 

for  Various  Combinations  of  mg,  6,  and  V, 

m,"  30  grains  0  *60  degrees  V,  ■  9000  fpe 

•  (iMtMl  or  B.R.OIois) 


Unbonded  Nylon - 3.31 

Bonded  Nylon  .  2.66 

Lexon  — 2.06 

Cost  Plexiglas  - 2.01 


Stretched  Ptexiglos - —  2.01 

Doron  - 1.23 

B.  R.  Gloss  -  1.00 


of  Motorlol  TMchntft  Rolottvo  to  o  Unit  Thlcknoit  of  B.ft.Oloss 
Fig.  112 

CONFIDENTIAL 


WO*!*  inm  !• 


praracr-s) 


CONIIDliNTIAL 
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®202*T-3  ^ 

for  Various  Combinations  of  m,  ,0,and  V, 

100  grain)  6>60degree8  V,  ■  9000  fps 


i<in^  of  B.R.Qlaot) 


Unbondtd  Nylon 

- 3.31 

Sirttchid  Plexiglot  — 

2.01 

Bondtd  Nylon 

.  2.66 

Doron  - 

1.23 

Ltxon 

-  2.06 

B.R.  Gloot  - - 

1.00 

Colt  Ptwiglos 

- 2.01 

‘’''Ratio  of  Molorlol  TMeknon  Rolotlvo  to  a  Unit  Thicknoit  of  B.R.  Olott 


Pig.  113 

CONFIDENTIAI 
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®2024T-B  ^ 

for  Vorlous  Combinations  of  m,  ,0,andV* 


m,'  300  grains  6  *60  degrees  V.  •  9000  fps 

tOnciMt  of  B.R.Qioot) 


¥ 


Unbonded  Nylon 

- 3.31 

Bonded  Nylon 

.  2,68 

Lexon 

-  2.06 

Cast  Plexiglas 

- 2.01 

'^Ratle  of  Moloi'lol  Thlckno**  Rolollvo 


Strttchfd  Plexiglas - 2.01 

Doron  1.23 

B.  R.  Gloss  - -  1.00 

le  0  Unit  TMeknoii  af  8.  R.  Qloo* 


Pig.  114 

CONFIDENTIAL 


orao2«T-3} 


CONFIDliNTIAL 
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®2024T-3  ^ 

for  Various  Combinations  of  m*,9,ondV, 

30  grains  8  >70  degrees  V,  ■  9000  fpe 


fOmlwa  of  B.R.OIooa) 


Ellb/ff*) 


Unbonded  Nylon 

It 

- 3.31 

Stretched  Plexiglas - - 

# 

2.01 

Bonded  Nylon 

.  2.66 

Doron  - - 

1.23 

Ltxon 

-  2.06 

B.  R.  Glass  - 

1.00 

Cost  Plexiglas 

2.01 

'’''Ratio  of  Moiorioi  Thlcknoot  Rotellvo  to  0  Unit  Thltknoit  of  B.R.OIot* 


Fig.  115 

CONFIDENTIAL 


of  2024T-3) 


CONFIDi:NriAI 
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®2024T-3  ^ 

for  Various  Combinations  of 

m,"  100  gmlns  6  “70  degrees 


m,  ,0,and  V, 

V,  “  9000  tp8 


of  B.R.OIoit) 


¥  ¥ 

Unbondtd  Nylon - 3.31  Strttchtd  Ploxigloi - 2.01 

Bond«d  Nylon  .  2.66  (joron  - -  1.23 

Ltxon  "  2.06  B.  R.  Qloos  |,oo 

CosI  Ploxiglos  - 2.01 


Ralle  of  MflMrlol  Thlckn***  R«latlv«  to  a  Unit  Thlcknti*  of  B.R.  Oloi« 

rig.  116 

CONFIDENTIAL 


of  20Z4T>3} 


CONFlOtNTIAl 


-160- 

®2024T-S  ^ 

for  Various  Combinations  of  mciG,andV, 

m,*  300  grains  6  "70 degrees  V,  ■  9000  fps 


•Onetwi  of  B.R.OIoot) 


Unbonded  Nylon 

¥ 

- 3.31 

Stretched  Plexigloe - - 

» 

2.01 

Bonded  Nylon 

.  2.66 

Doron  - 

1.23 

Lexon 

-  2.06 

B.  R.  Oloee  - - 

1.00 

Cost  Plexigloe 

- 2.01 

^Ratlo  of  Molorloi  TfileKnoot  Rolaiivo  lo  o  Unll  TMcknoit  of  B.  R.  Oloto 


Fig.  117 
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Appandix  K 


Graph  Sac  Vt  a  (tnehaa  of  Maftax)  va  I 
for  Vartoua  Coad>lnaeiont  of  m^t  G,  and 


rtia.  118«U4 


Notai  Tha  ordlnata  ropraaonto  an  anelnaCa  of  tba  maximum  chtoknaaa  of 
eallbracins  matarlal  Chat  oan  poaalbly  ha  pacforaCad  by  tha  Inrsaat  portion 
of  tha  raaidual  fragmont  altar  tha  original  Cragmant  hat  Impaotad  Initially 
on  ona  of  tha  glvan  targota>  Tha  aaaumptlon  la  mada  that  vha  cnotdual 
fragmant  itrlkaa  tha  calibrating  matarlal  at  normal  Impact  cud  that,  fur> 
Chacnai-a,  Clio  ahap«  of  tha  original  fragment  Id  retained  daoplta  any  Iota 
In  weight. 

On  aach  graph  in  thla  appamtix  theca  appoara  a  valua  of  a^,  Thia 
value  la  an  eatlmata  of  the  maximum  thlekneai  of  tha  oallbrating  matarlal 
Chet  the  original  fragamnt  oan  perforata,  aaaumlng  normal  Impaot  and  no 
intermadlata  barrier, 

Tha  contouca  are  limited  on  Chaae  grapha  to  72"  of  Maftax,  Thlo 
repraaenta  the  maximum  thickneaa  of  thla  material  that  haa  been  eonaidared 
In  SRL  alnglo'targat  flringa.  In  fact,  there  la  no  Inatance  to  date  of  a 
panatcatlon  of  more  than  72"  of  Mafeex  In  BRL  experimental  work  with  compact 
fragment  a. 


CONFIDENTIAL 


of  Msftn) 


CONFIDtNTIAL 


-163- 


®MAKTEX  ^ 

for  Various  Combinations  of 
m,"  too  groins  6>0  (itgrets 


m,  ,0,ancl  V, 

V,  •  3000  fps 


s' 

A 


j 


tUnctiM  of  B.R.OIott) 


Unbondtd  Nylon 

¥ 

- 3.31 

Strstehed  Plexigiot  -- 

# 

- 2.01 

BondBd  Nylon 

.  2.66 

Ooron  -• 

-  1.23 

LoRon 

-  2.06 

B.  R.  Gloss 

-  1.00 

Cost  Plexiglas 

- 2.01 

'**'Raile  of  Mottflel  TMcknM*  R«loll««  to  •  Unit  Ttiicknoit  of  B.  N.  Qlott 


Fig.  119 
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CONFIDENTIAL 


®MAFTEX  ^ 


for  Various  Combinations  of  m,  iS^ondV, 


m,"  300  grains  6*0  degrees  V,  >3000  fps 


•dncMt  of  B.R.0Im>) 


unbonded  Nylon  —  —  -  3.31  Stretched Plexlglot z.oi 

Bonded  Nylon  .  2.66  Ooron  (^23 

Lexon  -  2.06  B.  R.  Glow  -  1.00 

Coot  Piexiglot  - -  2.01 

*'llallo  of  Molcflol  ThiclDMt  NiiatUt  to  o  Uoli  Thltknoit  of  B.n. Oloto 


Ptg.  120 

CONFIDENTIAL 


CONFlUtNTIAL 


^MAFTEX  ^ 


for  Various  Combinations  of  m,  ,G,anciV, 


m,*  iiO  grains 


6  >  60  degrees  V,  •  3000  fps 


•dnctiM  of  B.R.OIa«t) 


12  .&46  780  1.17 


1.0  2.0 


4.0  7.0  10.0  15.0 


Unbonded  Nylon  — - 3.31 

Bonded  Nylon  .  2.66 

Lexon  2.06 

Colt  Plexiglas  2.01 


Stretched  Plexlglos — 2.01 
Doron  1.23 

B.R.  QIom  -  1.00 


fl«fla  of  Molorltl  TMtbooii  to  o  Unit  ThUkMii  of  l.fl.aioti 


Fig.  121 
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CONFIDENTIAI 


®MAfTEX  ^ 

for  Various  Combinations  of  m,  »8,andV, 
m,*  100  grains  6  *60  degress  V,  ■  3000  fps 


•(Inenn  of  B.R.Oio»i) 


Etlb/ft*) 

•if 

Unbonded  Nylon - 3.31 

Bonded  Nylon  .  2.66 

Lexon  2.06 

Coet  Plextglse  2.01 

*'Rotlo  of  Mottriol  Thiclln**i 

Flit.  122 

CONFIDENTIAI. 


» 

StretcnidPlexigloe 2.01 

Doron  - -  |.23 

B.R.  Oloee  -  1.00 

o  Unll  Thltkntit  o>  ■.  R,  Olatt 


CONFlUliNllAl 
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®MAFTE)t  E 

for  Various  Combinations  of  m,  ,e,anclV, 

m,*  300  grains  6  *60 degress  V,  *3000  fps 


•OncMi  o4  B.R.OiMt) 


Edb/ft*) 


Unbonded  Nylon 

- 3-31 

Bonded  Nylon 

.  S.66 

Lexon 

-  2.06 

Cost  Plexiglos 

— —  —  2.01 

of  Maltrlol  TMcknon  Kolotifo 


Sirstchtd  Plexiglas - -  2.01 

Doron  1.23 

B.R.  Gloss  -  1.00 

0  Uolf  Tkickiittt  of  B.R. eioti 


rig.  123 

CONFIDFNTIAL 


•168- 


CONFIDtNTIAL 


®MAFTEX  ^ 

for  Various  Combinations  of  m*,0*andV, 
m,"  30  groin*  G*  70 degree*  V, ‘SOOOfp* 
ttincMM  oi  B.R.Olott) 


Bonded  Nylon  .  2.66  Doroo  -  1.23 

Lexon  -  2.06  B.  R.  Gloee  -  1.00 

Cast  Plexiglas  - - 2.01 

0*  Matiflol  TMcIibm*  to  O  unit  TMckMit  Of  B.n.Sloot 

Pig.  124 
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®MAFTEX  ^ 

for  Various  Combinations  of  m,  ,e,andV« 

m,- 100  grains  6 'TO degrees  V,  •  30OO  fps 

•(incMi  of  B.R.Olais) 


V 


j 

J 

'i 

] 

•i 

i 

1 


If  tt 


Unbonded  Nylon 

- 3.31 

Stretched  Plexiglas - 

2.01 

Bonded  Nylon 

.  2.66 

Boron 

1.23 

Lexon 

-  2.06 

B.  R.  Gloss  - 

1.00 

Cost  Plexigios 

- 2.01 

Rtflo  o<  Wat«f(vi  TMckfiM*  Rtlallvt  le  n  Unit  TMcknast  el  B.n.  Sleet 


Fig.  125 
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®MAPTEX  ^ 


for  Various  Comblnatiens  of  mj,0,and  V, 


m,*  300  grains 


6  ■  70  degrees  V,  •  3000  fps 


tdnciiM  of  B.R.OIM1) 


.031  086  .078 


e,  •  83.8 


0.4  0.7  1.0 


4.0  7.0  10.0  IB.O 


Unbondtd  Nylon - 3.31 

Bond«d  Nylon  .  2  68 

Lexon  -  2.06 

Cost  Pltxiglot  2.01 


Sfrttchid  PItxiglot -O’  --  2,01 

Ooron  - 1.23 

B.  R.  Glo«*  -  1.00 


Ratio  of  Mottflol  TMfifeaut  flalotlvt  t»  o  Ualt  TfilcMt 


Pig,  126 
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®MAFTEX  ^ 


for  Various  Combinations  of  m*,0,andV, 

m,"  30  grains  6»0  degrees  V, »  6000  fp^ 


•(iiidiM  of  b  R.Olott) 


M6  .031 


.OW  .078 


156 


.312 


546  760 


l.l 


¥ 

Unbonded  Nylon  -  3.31 

Bonded  Nylon  .  2.66 

Lexon  2.06 

Cost  Plexiglas  -  — g.OI 


o<  Maltrial  TRIckiiMt  Rktotly* 


stretched  Plexiglos  -  - 

It 

- 2.01 

Doron  -• 

-  1.23 

B.  R.  Oloss 

-  1.00 

l«  a  Unit  Thlckntii  of  B.ft.  Oloot 


Fig.  127 

CONFiDENTlAL 


•f  HafMx} 


•dncdH  of  B.R.  Stool) 


EUO/fl*) 


Unbonded  Nylon - 3.31  Strotchtd  Plox Igloo - 2.01 

Bonded  Nylon  .  2.66  Doron  1.23 

Lexon  -  2.06  B.  R.  Olooo  -  1.00 

Coot  Plixiglot  2.01 

*'Rslt«  of  Mottrlol  ThlcknM*  RtlolUt  t»  o  Unll  Tkickn*!*  of  l.n.Oloio 

Ftf.  128 
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®MAFTEX  ^ 

for  Various  Combinations  of  m,  ,6,andV, 

m,"  300  grains  6  "0  degrees  V,  ^SOOOfps 


•dncrot  of  D.R.OIms) 


Unbonded  Nylon 

It 

- 3.31 

Stretched  Plexiglas 

Bonded  Nylon 

.  2.66 

Doron 

Lexon 

-  2.06 

B.  N.  Gloss 

Cost  Plexiglas 

- 2.01 

^R«llo  Of  MoUrlol 

Thlcknai*  RtletUt  lo 

0  Unit  TIiUIia«i«  Of 

Pig.  129 
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®MAFTEX  ^ 

for  Various  Combinations  of  m,  ,9,ondV, 

30  grains  6  *60  degress  V,  >6000  fps 


Unbonded  Nylon 

- 3.31 

Bonded  Nylon 

.  2,66 

Loxon 

-  2.06 

Cost  Plexiglas 

- 2.01 

^Ratlo  of  Molorlol  Tkicknt** 


« 

Stretched  Plexiglas 2.01 

Ooroa  - 1.23 

B.R.  Qlose  I.OC 

e  Unit  ThUknttt  of  B.R. Slotk 


Ftg.  130 
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®MAFTEX  ^ 


for  Various  Combinalions  of  m,  ^GiOndV, 

n\*  100  grains  6  "60  degrees  V,  ■  6000  fps 

•UnctM*  of  B.R.OIoat) 


Etib/ft*) 


Etib/ft*) 

* 

Unbonded  Nylon - 3.31  Stretched  Plwiglos  - - -2.01 

Bonded  Nylon  .  2.66  Ooron  1.23 

Leion  2.06  B.  R.  Glott  -  1.00 

Cost  Plexiglas  2.oi 


ef  Maitrlol  TMcknan  Xtletlv*  lo  e  Unit  ThUkMta  S.  R.  Sla*t 
Fig.  131 

CONFIDhNllAL 
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®MAFTEX  ^ 

for  Various  Combinotinns  of  mj,0,and  V, 

m,*  300  grains  8  *60  degrees  V,  ■6000  fps 


tdndiM  of  B.R.QlMa) 


Bonded  Nylon  .  S-S®  Ooron  1.23 

L,ion  -  2.06  B.R.  OIom  -  1.00 

Coet  Plexteloe  - -  2.01 

Maltrlol  TWclinaat  RalolW*  fo  o  Unit  Thltknttt  Jf  B.H,  •!••• 

Fig.  132 
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^MAFTEX  ^ 

for  Various  Combinations  of  m,  ,6,andV, 

in,*  30  grains  6  *70 degrees  V,  "eOOOfps 


•((neliM  of  B.R.OIMI) 


Unbondod  Nylon - 3. 31  Stretched  Plexiglas - 2.01 

Bonded  Nylon  .  2.66  Ooron  - -  1.23 

Lexon  —  2.06  B.  R.  Gloss  -  1.00 

Cost  Plexiglas  - -  2.01 

***  Halle  of  Moltrlol  TMcknctt  nalollvt  le  a  Unit  Thlckeait  nf  B.  R.  Olata 

Fig.  133 
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CONFIDENTIAL 


m 


e 


MAFTEX 


VS  E 


for  Various  Combinations  of  m,  .diOndV, 


100  grains  6  « 70  degrees  V,  >>6000  fp8 


•(IdMm  of  B.R.0lni) 


Unbonded  Nylon 

U 

- 3o3l 

Stretched  Plexigiot - - 

# 

2.01 

Bonded  Nylon 

.  2.66 

Doron  - - 

1.23 

Lexon 

-  2.06 

B.  R.  OlOBB  - 

1.00 

Cost  Plexiglos 

- 2.01 

of  Mat«rl«l  TMckn***  to  o  UflII  Thickooii  of  Bid, Oloii 


Pig.  134 
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®MAFTEX  ^ 

for  Various  Combinations  of  mg, 6, and  V, 

m,*  300  gwlnt  6  •  70  degrees  V,  •  6000  f ps 

•(IndMt  of  B.R.Oiois) 


.016  .031  .053  078  166  .312  646  780  1.17 


Unbonded  Nylon 

- 3.31 

Stretched  Plexiglas - 

-  2.01 

Bonded  Nylon 

.  e.6B 

Doron  - 

-  1.23 

Lexon 

-  2.06 

B.  R.  Oloss  - 

1.00 

Cast  Plexiglas 

—  2.01 

^i^alio  o<  Material  TMtknaaa  Rtlolivt  to  o  Unli  Thl«knti»  ot  B.lt,  itioii 


Fig.  13^ 

CONFIDENTIAL 


CONFIDENTIAL 


®MAFTEX  E 


for  Various  Combinations  of  m,  ,9,andV, 


m,*  30  grains 


6  •  0  degrees  V,  •  9000  f ps 


idneMt  ol  B.R.OIMI) 


I  SO 

!- 


e.  ■  46.2 


o.r  1.0 


4.0  7.0  n.O  18.0 


unbended  Nylon - 3.31 

Bonded  Nylon  .  2.SS 

Lexon  -  2.06 

Cast  Plexiglas  2.01 


Stretched  Plexigios  2.01 

Doron  1.23 

a.R.  Gloss  -  1.00 


Hallo  of  Motorlol  Thlckntta  RoloHvo  ta  a  UnM  Tklalfitst  of  B.H.  Oloit 

rig,  136 
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eMAFTEX  VS  E 

for  Vorious  Combinations  of  m,  ,0,anciV, 


m,*'  100  grains 


6  <  0  degrees  V,  >  9000  fps 


•<lncM>  of  B.R.OIMI] 


Unbonded  Nylon 

e 

- 3.31 

Stretched  Plexiglos - 

» 

2.01 

Bonded  Nylon 

.  2.66 

Ooron 

1.23 

Lexnn 

-  2.06 

B.  R  Qlose  - 

i.OO 

Cosf  Plexiglas 

- ?  01 

^n«IIO  of  MaUrlol  TMcknttt  Rtlellv*  to  e  Unit  Thlclln««*  flt  R.  R.  Olat* 


I 


Fig.  137 
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etMaHn) 
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CONFlUtNTIAL 


for  Various  Combinations  of  m,  ,e,and  V, 

m,*  300  grains  6*0  degress  V,  >9000  fps 


cdnciMt  o1 8.R.0I0M) 


4 

« 

Unbonded  Nylon 

- 3.31 

Stretched  Plexigloi 

2.01 

Bonded  Nylon 

.  2.66 

Doron  - 

1.23 

Leion 

-  2.06 

B.  R.  Oloee 

1.00 

Coet  Plexigloe 

- 2.01 

^Rollo  of  Mittrlil 

10  0  Unit  Thltkotit  of  e.n.  eiooi 

Fift.  138 
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®MAFTEX  ^ 

for  Various  Combinations  of  m,  ,6,QndV, 

m,*  30  grains  6  ■  60  degress  V,  *9000  fps 

tOncMt  of  B.R.Oiote) 


Unbonded  Nylon 

# 

- 3.31 

Stretched  Plexiglas - 

« 

2.01 

Bonded  Nylon 

.  2.66 

Ooron  - 

1.23 

Lexon 

-  2.06 

B.R.  OloBi 

1.00 

Cost  Plexigloe 

- 2.01 

of  Moforlol  TMcknooo  (fololivo  to  o  Unit  TMckooto  Of  B.R.  Olott 


Pig.  139 
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CONFIDENTIAL 


®MAFTEX  ^ 

for  Various  Combinations  of  m,  ,0,anflV, 


100  grains  6  >60  degrees  V,  >9000  fps 

•dncMt  of  e.R.OlM«) 


Unbonded  Nylon 

- 3.31 

Stretched  Plexiglas - 

» 

2.01 

Bonded  Nylon 

.  8.66 

Ooron  - 

123 

Lexon 

-  8.06 

B.  R.  Qloss  - — 

1.00 

Cost  Plexiglos 

- 8.01 

Ratio  of  Moforioi  Thicknot*  Rolollvo  le  o  Unli  Tklckotti  of  9.R.  Slott 

rig.  140 
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®MAFTEX  ^ 

for  Various  Combinations  of  mg,G,andV, 

m,*  300  Qraint  6  *60  degrees  V,  *9000  fp8 


•(IneitM  at  B.R.ei(iit) 


Edb/fl') 

¥  ¥ 


¥  ¥ 
unbonded  Nylon - 3.31  Stretched  PIcxigloa - -2.01 


Bonded  Nylon  .  2.66  Ooron  - 1.23 

Lexon  . — -  2.06  B.  R.  Olote  i.qo 

Coet  Plexigloe  - - 2.01 

*riatlo  af  Malarial  TMckaaai  Ralallya  la  a  Unit  Thlcknaaa  al  B.n.  eiaaa 

rtg.  lAi 
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CONUDhNTIAl 

-106- 

®MAFTEX  ^ 

for  Various  Combinations  of  mj,6,ondV, 

m,*  30  grains  d*70degrees  V,  >  9000  fps 


•iineltH  of  B.R,OIo«b) 


Unbondtd  Nylon 

- 3.31 

Strotehtd  Pleilglot - 

« 

2.01 

Bondod  Nylon 

.  2.66 

Ooron 

1.23 

Loxoii 

-  2.06 

B.  R.  Olosg  —  —• 

1.00 

Cost  Plexiglot 

- 2.01 

%al's  •*  Mdltrlol  ThlcknMt  Rdlofivt  lo  •  Uni*  Tbl<lin«*«  of  B.R.flIoot 

Pig.  142 
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^MAFTEX  ^ 

for  Various  Combinations  of  m,  ,e,andV, 

m,*  100  grains  6  >70  degrees  V,  lOOOOfps 


«(tncAH  of  B  R.Qins) 


Edb/ft*) 


Unbonded  Nylon - 3.31  Stretched  Plexiglos - -2.01 

Bonded  Nylon  .  2.66  Doron  1.23 

Lexon  2.06  B.  R.  Oloet  -  1.00 

Cost  Plexiglas  - - 2.01 

‘'''Raile  e<  Mattrtol  TMckntM  RalotU*  to  o  Unit  Thlcknoio  of  B. R. Olooo 

Fig.  1A3 

CONFIDENTIAL 


of  Martck) 
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CONHDtNTIAl 


®MAFTEX  ''S  E 


for  Various  Combinations  of  m,  »@,andV, 


m,"  300  grains 


6  ■  70  degrees  V,  ■  9000  fps 


tdndno  of  B,R.QIat>) 


0.7  1.0  2.0 

E(lb/ft‘) 


4.0  7.0  10.0  18.0 


Unbondtd  Nylon - —  -  3.3I 

Bonded  Nylon  .  2.66 

Lexon  ■■  2.06 

Cost  Plexlglof  2.01 


Strotched  Plexiglot - 2.01 

Ooron  —  1.23 

B.  R.  Gloxs  -  1.00 


RoHo  of  Molorlol  TMcknon  Rolotivt  to  o  Untt  ThUknosi  of  B.R.  Gloss 

Fig.  144 
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Ap^andlx  F 

Graph  Sat  VI i  vactua  I  far  Varloua  CoMblnattona  of  m.  and  8 

o  i 

Plfa.  149-153 
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Edk/fl'l 


E  for  VoriOM 


CONFIDENTIAL 


195 


CONFIDENTIAL 


ConbinalioM 


196 


CONFIDENTIAL 


CONFIDENTIAL 


EClh^fft^ 


CONFIDENTIAL 


X9Y 


CONFIDFNTIAL 


I 


198 


CONFIDENTIAL 


CONFIDENTIAL 


Eflb/ft^ 


CONFIDENTIAL 


-199< 


Appendix  0 

Ovaph  Sac  VUt  Za^aet  Ooadietona  far  SraiMaC  lhatCar 
rita.  194-158 


Notat  No  grapha  for  Bondad  and  Unbondad  Nylon  appaar  within  thla  Graph  Bata 
Tha  llKltatlona  of  Cha  axperlawntal  data  for  thaaa  natarlals  warn  aueh  that 
axtrana  eaaaa  of  fragaHnt  braah-wp  ara  not  In  avldanee.  Still  hlghar 
atrlking  velocltlaa  would  bo  naadod  to  preduco  tha  broak-up  data  nacaaaary 
to  warrant  pradlctlona  of  Impact  condlttona  on  thla  matarlal  for  which  tha 
fragawnt  will  ahattati 
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Shotttr  Vtloeity  •  V,  (lOOOfpi) 


ng.  1S4 


CONFIDENTIAL 


CONUDFNTIAL 


201 


Impact  Conditions  For  Fragment  Shatter 


Targot  Material:  Plexiglas ^  as  Cast 
Shatter  Criterion:  ■  0 


Extrapolated 


llThURMM  centowa  tlMwn  oitly  •h«r«  p«rleralle>  li  onlUlpaite. 
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1 
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9.0 

60 
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70 
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t 
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.300 

60.0 
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70 
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120.0 

70 

9271 
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.300 
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40 
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• 

SO 
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30.0 

0 
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m 

SI 
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30.0 

40 
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m 

S2 
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30.0 

40 
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- 

93 
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30.0 
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• 

94 
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30.0 

70 
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• 
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0 
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0.11 
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0 
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0.04 
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0 
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0.01 

94 
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0 
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• 
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30.0 
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0 

■ 

m 

10 
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30.0 

0 
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30.0 

0 
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0 
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40 
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30.0 

70 
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• 
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49 
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49 
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70 
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0 
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0 
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• 
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0 
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0.19 
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240.0 

0 
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• 
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0 
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239.0 

• 
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9910 

137.0 

1.11 

74 

2.000 

30.0 

0 

AtOOR 

0 

• 

• 
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BXPBRIMOITAL  DATA 


TahU  XfX  i  8t««l  FratMnt*  iMpaetlm  on  Oaat  Plaittslaa 


HatatUl 

rranneti^ 

Striking 

gaatdual 

Roatdual 

tola 

Datwa 

Mo. 

TMekpaaa 

a(lnehea) 

watsht 

m^(Staina7 

jol tqulty 
Otdaaroaa) 

Valoclty 

V,(fpa) 

Valoeltr 

V^(2pa) 

Haight 

■^(graina) 

Araa 

(aq.  In.) 

1 

,238 

240.0 

70 

1939 

1090 

239.9 

9 

i 

.234 

240.0 

70 

9830 

4839 

» 

9 

2 

.236 

30.0 

70 

2036 

0 

29.0 

9 

A 

.237 

30.0 

49 

672 

0 

29.9 

m 

3 

.239 

30.0 

49 

4869 

4395 

29.0 

m 

A 

.240 

30.0 

80 

4912 

0 

■ 

• 

7 

.240 

120.0 

0 

1141 

974 

119.9 

• 

8 

,240 

>20.0 

0 

4853 

4981 

119.0 

• 

9 

.290 

9.0 

70 

4366 

197) 

4.9 

0.07 

10 

.230 

19.0 

70 

4931 

2020 

14.7 

OfSB 

11 

.290 

30.0 

49 

1017 

407 

29.9 

a» 

12 

.290 

30.0 

45 

4869 

Hili 

• 

• 

12 

.290 

30.0 

>0 

2596 

663 

;‘‘.o 

a 

lA 

.290 

30.0 

70 

4773 

2776 

• 

9 

19 

.190 

120. U 

70 

1944 

1134 

119.0 

m 

U 

.290 

120.0 

70 

9933 

4886 

ai 

m 

17 

.190 

240.0 

0 

268 

0 

239.9 

• 

la 

.194 

240.0 

70 

3770 

3163 

239.0 

• 

19 

.296 

120.0 

70 

9884 

4700 

• 

• 

10 

.297 

30.0 

0 

1699 

1299 

29.9 

• 

21 

.297 

240.0 

0 

1193 

801 

239.9 

• 

tl 

.297 

240.0 

0 

9826 

9689 

239.0 

a6 

29 

.257 

240.0 

70 

1119 

236 

239.9 

m 

lA 

.296 

30.0 

0 

833 

689 

29.9 

66 

19 

.290 

30.0 

n 

9103 

4314 

• 

a 

Z6 

.269 

120.0 

0 

639 

280 

119.9 

0.01 

27 

.486 

9.0 

0 

9227 

2740 

f 

21 

.486 

19.0 

0 

4373 

2660 

14,9 

0.03 

29 

.486 

13.0 

60 

4609 

718 

14.8 

0.32 

30 

.486 

30.0 

w 

4018 

2310 

29.3 

0.11 

31 

ii 

.492 

30.0 

49 

1888 

474 

il 

• 

.492 

.492 

30.0 

240.0 

49 

49 

4896 

869 

’fan 

239.9 

a 

• 

,499 

in  n 

0 

tnr.j 

0 

79.0 

a 

.13 

.499 

30.0 

70 

4793 

1969 

• 

• 

36 

.499 

60.0 

0 

687 

309 

39.0 

• 

37 

.499 

>20.0 

0 

1198 

896 

119.0 

a 

3S 

.900 

30.0 

0 

9220 

4140 

■ 

9 

39 

.900 

30.0 

70 

3082 

0 

a 

a 

AO 

.900 

30.0 

70 

6166 

2687 

a 

■ 

A1 

.900 

60.0 

0 

4911 

4277 

• 

a 

A2 

.300 

6C.0 

70 

2209 

376 

39.0 

a 

43 

.900 

60.0 

70 

3034 

2878 

• 

a 

44 

.300 

120.0 

0 

5785 

3185 

a 

45 

.500 

120.0 

70 

5798 

2924 

m 

a 

46 

.500 

240,0 

0 

776 

129 

47 

.300 

240.0 

0 

5910 

5310 

a 

a 

48 

.300 

2^0.0 

45 

869 

193 

239.0 

a 

49 

.300 

240.0 

43 

3464 

4933 

SO 

.300 

240.0 

70 

1969 

483 

239.0 
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! 


Tabu  XVI  t  ttaal  VraaMnka  Upaetlnt  on  Cate  Plaxtilaa 


HatarUl 

rvataant 

Striking 

Raaldual 

MalOual 

Hols 

3 

3 

DatuM 

Iblehnata 

Walght 

OblI<|utty 

Valoelty 

Valoelty 

Weight 

Area 

i 

Ho. 

a(lnohat) 

a^(gralna) 

O(deiraat) 

V,(*pt) 

V^dpa) 

•^(gtalne) 

(aq.  In.) 

1 

SI 

.900 

240.0 

70 

9719 

4199 

Si 

• 

) 

1 

SS 

.S29 

90.0 

0 

1949 

920 

at.o 

■ 

ss 

.sas 

30.0 

0 

3499 

9941 

• 

• 

1 

S4 

.sas 

30.0 

70 

3900 

890 

Si 

• 

33 

.sas 

90.0 

70 

SC94 

1499 

• 

• 

1 

1 

S« 

.sas 

SO.O 

0 

1049 

410 

9f.O 

SS 

' 

37 

.sas 

so.o 

0 

4490 

9400 

• 

• 

j 

SS 

.sas 

SO.O 

70 

3437 

949 

• 

• 

SS 

.sas 

so.o 

70 

sisa 

ISOl 

• 

SB 

1 

so 

.sas 

140.0 

0 

sss 

792 

2J?gO 

■ 

1 

St 

.sas 

140.0 

0 

ssso 

4990 

■ 

• 

1 

j 

sa 

.sas 

240.0 

70 

1999 

17S9 

• 

• 

1 

1 

ss 

.sas 

240.0 

70 

9999 

4140 

• 

• 

j 

ss 

.731 

SO.O 

70 

9017 

9190 

14.0 

• 

1 

ss 

.7S9 

SO.O 

SO 

9ISS 

9S0 

99  .f 

9.S4 

j 

ss 

.746 

140.0 

>0 

3997 

1907 

999.9 

m 

S7 

.7S0 

90.0 

0 

sson 

939S 

99.01 

0.07 

1 

SS 

.7S0 

SO.O 

SO 

soao 

9193 

47.9 

• 

w 

SI 

ss 

.790 

940.0 

70 

soio 

91SS 

90.9 

• 

i 

70 

.sss 

940.0 

70 

994S 

9410 

74.7 

• 

i 

71 

.S7S 

90.0 

0 

am 

IS 

■ 

• 

1 

71 

.SSS 

240.0 

0 

S79 

0 

ass.o 

• 

1 

/3 

.SSS 

240.0 

70 

9997 

0 

• 

• 

? 

7S 

.992 

190.0 

0 

9197 

SOOO 

9S.1 

9.96 

i 

73 

.999 

30.0 

0 

3417 

2999 

• 

• 

1 

i 

7A 

.997 

940.0 

0 

9919 

7910 

990.0 

0.99 

f 

y? 

1.000 

19.0 

0 

ssso 

1407 

14.9 

• 

f 

f 

7S 

1.000 

90.0 

0 

9200 

9129 

13  1 

0.09 

79 

1.000 

30.0 

60 

S4S0 

4309 

0.1 

• 

\ 

SO 

1.000 

60.0 

60 

3960 

• 

0 

2.90 

SI 

1.000 

60.0 

70 

9323 

2072 

0.1 

Si 

sa 

l.OOO 

120.0 

70 

3721 

0 

» 

7.99 

\ 

ss 

1.000 

120.0 

70 

B620 

2197 

0.9 

« 

\ 

l.OOO 

170.0 

70 

9374 

3210 

29.3 

• 

1 

S3 

1.000 

240.0 

V 

•  /It  w 

- 

SS 

1.000 

240.0 

70 

3S31 

883 

• 

• 

1 

S7 

1.000 

240.0 

70 

3000 

738 

220.0 

• 

11 

SS 

1.000 

240.0 

70 

6060 

S30 

12.9 

■ 

4 

ss 

1.000 

240.0 

70 

6110 

2333 

• 

• 

VO 

1.000 

473.0 

70 

38uu 

2146 

474.0 

• 

91 

1.000 

47S.O 

70 

4710 

17/2 

497.9 

m 

i 

92 

1.007 

60.0 

43 

4701 

1045 

34.2 

1.09 

\ 

93 

1.010 

13.0 

0 

5517 

970 

14.3 

0.03 

94 

1.010 

30.0 

0 

3221 

1830 

28.0 

0.08 

i 

93 

1.011 

30.0 

70 

8992 

0 

0 

1.93 

i 

96 

1.012 

240.0 

0 

4690 

3130 

209.6 

2,24 

97 

1.023 

60.0 

0 

8702 

3610 

22.5 

0.05 

98 

1.030 

60.0 

70 

8963 

0 

0 

• 
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Tabl*  XVII  I 


Matarlal 

Fragaant 

Balua 

Thiaknaaa 

Waight 

a(lnehaa) 

i^(gralna) 

1 

0.09 

9 

2 

0.09 

19 

3 

O.OS 

240 

4 

0.09 

479 

S 

0.14 

9 

• 

0.14 

9 

1 

0.14 

19 

1 

0.14 

19 

• 

0.14 

30 

10 

0.14 

30 

11 

0.14 

30 

It 

0.14 

30 

13 

0.14 

30 

U 

0.14 

60 

IS 

0.14 

60 

u 

0.26 

9 

17 

0.16 

IS 

11 

0.26 

19 

If 

0.26 

30 

20 

0.26 

7* 

21 

0.26 

» 

V 

0.26 

60 

23 

0.26 

110 

14 

0.26 

120 

23 

0.26 

240 

24 

0.26 

240 

27 

0.33 

9 

28 

0.39 

3 

19 

0.33 

9 

30 

0.93 

19 

31 

0.33 

19 

32 

0.39 

19 

33 

0.33 

19 

34 

0.33 

19 

IS 

0.3i 

M 

36 

0.33 

30 

37 

0.33 

170 

3a 

0.33 

120 

35 

0.33 

240 

40 

0.33 

240 

41 

0.391 

3 

42 

0.396 

30 

43 

0.397 

9 

44 

0.397 

30 

49 

0.397 

30 

46 

0.397 

30 

47 

0.361 

240 

48 

0.40 

19 

0.40 

IS 

SO 

0.40 

30 
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Fragaanta  Inpaotlng  on  itratehed  Naxlglai 


Obllgutty 

atrlklng 

Valoaitv 

V.Ifpa) 

Kaaldual 

Vaieelty 

Kaaldual 

Halglic 

Hola 

Araa 

O(dag)raaa) 

V,<fpa) 

■jCiralna) 

(aq.  In.) 

70 

2879 

2399 

6.9 

0.08 

49 

12ff 

1199 

14.9 

0.08 

70 

9887 

9877 

239.0 

1.18 

70 

4876 

4662 

474.0 

1.08 

0 

723 

397 

4.3 

0.01 

0 

881 

874 

4.3 

0.01 

0 

762 

632 

14.5 

0.03 

0 

8824 

90008 

8.0 

0.23 

0 

1408 

1296 

29.0 

0.07 

0 

8070 

9360 

38.0 

0.33 

70 

2017 

1412 

89.3 

0.90 

70 

2101 

1880 

29.9 

0.30 

70 

9836 

4487 

89.0 

0.97 

70 

1143 

680 

89.0 

o.ss 

70 

9472 

3969 

9«.0 

0.89 

0 

1140 

473 

4.9 

16.9 

0.01 

0 

6008 

0 

• 

0 

1118 

833 

14.9 

0.09 

60 

2078 

1214 

38.9 

0.28 

60 

6384 

3809 

24.0 

0.88 

0 

676 

80 

• 

0.19 

0 

4726 

3840 

98.9 

0.68 

30 

1188 

198 

118.9 

0.16 

30 

9118 

4398 

118.9 

0.82 

0 

1692 

1999 

238.9 

0.37 

0 

6148 

9717 

294.9 

1.21 

»0 

4439 

1309 

4.9 

• 

70 

9892 

1423 

4.9 

m 

70 

9999 

1906 

4.9 

• 

70 

9017 

1603 

14.9 

• 

70 

9927 

2945 

14.9 

a. 

70 

9996 

18008 

14.0 

• 

70 

7799 

3229 

6.9 

• 

70 

9991 

3949 

1.5 

m 

70 

2949 

1006 

28.5 

0.80 

70 

8680 

9384 

9.9 

2.28 

49 

2742 

1232 

118.9 

0.91 

49 

6239 

4979 

108.0 

1.78 

60 

1107 

717 

339.9 

0.80 

70 

4836 

9869 

238.0 

1.26 

70 

3400 

• 

aa 

■ 

70 

8979 

4047 

4.5 

• 

70 

3700 

m 

■ 

70 

740 

m 

• 

aa 

70 

iOOO 

• 

• 

« 

70 

9670 

1786 

29.3 

• 

70 

1490 

741 

239.0 

• 

70 

3386 

0 

_ 

0.40 

70 

8898 

100AR 

9.5 

1.92 

70 

9706 

3090 

27.5 

. 
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KXPSRIHKNTAL  DATA  I 


Toblo 

mi  1 8t«*i 

PrafMnta  Inpaettni  on 

Stratvhad  Plaxtglaa 

i 

Hatartol 

Striking 

Roaldual 

Hssldual 

Nola 

1 

OatiM 

Thieknooo 

Ualght 

Obliquity 

Voloalty 

VolotHy 

WolSht 

Araa 

f 

No. 

•(Inohoa) 

n^Ctratna) 

0(iia|reea) 

V.dpa) 

t  m) 

M^(tralna) 

(aq.  In.) 

51 

O.AO 

30 

10 

7328 

3515 

13.5 

* 

52 

0.40 

30 

10 

11290 

• 

0 

• 

j 

55 

0,40 

60 

60 

2676 

1501 

59.5 

0,75 

5A 

0.40 

60 

60 

8993 

6600 

58.0 

4,10 

55 

0.40 

120 

70 

2691 

i:43 

119.9 

1.45 

SI 

0,40 

120 

10 

6032 

2617 

109.0 

9.34 

51 

0.40 

240 

10 

2726 

1838 

239.0 

3.98 

SB 

0.40 

240 

70 

6158 

4115 

180.0 

5,28 

. 

51 

0.407 

30 

70 

5800 

2487 

28.1 

• 

60 

0.409 

260 

70 

1380 

435 

259.0 

• 

61 

0.410 

5 

10 

2650 

• 

• 

I 

{ 

62 

0.410 

5 

70 

3300 

• 

• 

■ 

63 

0.410 

5 

70 

3450 

■ 

■ 

• 

» 

1 

66 

0.410 

3 

70 

3700 

• 

81 

■ 

1 

1 

65 

0.410 

5 

70 

3835 

■ 

• 

I 

66 

0.416 

30 

70 

2600 

• 

• 

• 

61 

0.506 

240 

70 

1970 

849 

239.0 

a 

i 

66 

0.501 

30 

70 

5100 

m 

• 

• 

1 

1 

65 

0.508 

30 

70 

7M50 

m 

• 

! 

10 

0.314 

5 

70 

46SU 

m 

■ 

• 

i 

6 

11 

0.35 

5 

0 

3552 

1622 

4.9 

0.09 

1 

9 

12 

0.35 

3 

0 

A8A4 

4120 

4.5 

0.01 

i 

13 

9.55 

5 

70 

6605 

• 

• 

0.58 

i 

16 

0.55 

5 

70 

8143 

• 

• 

0.42 

( 

IS 

0.55 

15 

60 

2980 

804 

14.9 

0.16 

8 

t 

1 

16 

0.55 

IS 

60 

3207 

650 

14.5 

0.18 

11 

0.35 

15 

fr. 

8161 

2212 

9.5 

1.48 

1 

IB 

0.35 

30 

0 

1989 

. 

29.9 

0.12 

79 

o.ss 

30 

0 

2029 

1116 

19.9 

0.12 

80 

0.35 

30 

70 

4300 

. 

• 

fk 

B1 

0.55 

30 

70 

4382 

V 

• 

0,99 

i 

B2 

0.55 

30 

70 

4852 

• 

• 

1.26 

1 

B3 

O.SS 

30 

10 

6000 

08 

■ 

• 

1 

86 

0.55 

30 

70 

8314 

5941 

4,0 

• 

f 

85 

0.55 

30 

70 

9618 

• 

1,08 

3.10 

i 

86 

9.55 

60 

45 

2193 

1212 

59.5 

0.31 

k 

1 

81 

O.SS 

60 

45 

9147 

6470 

26.0 

2.47 

J 

88 

0.55 

240 

70 

20008 

0 

■ 

• 

\ 

85 

0.601 

30 

70 

4393 

. 

• 

• 

90 

0.605 

3 

70 

5400 

. 

• 

11 

0.609 

240 

70 

2825 

1400 

239.0 

• 

i 

92 

0.619 

30 

70 

9025 

2527 

3.8 

• 

2 

95 

0.726 

30 

70 

5900 

• 

aa 

i 

96 

0.728 

240 

70 

4170 

1456 

233.0 

• 

J 

95 

0.729 

30 

70 

8850 

1802 

1.5 

• 

1 

96 

0.750 

475 

70 

1140 

. 

«a 

• 

1 

,1 

97 

0.755 

5 

0 

4775 

1279 

4.9 

• 

98 

0.908 

60 

70 

7950 

1708 

0.4 

. 

99 

0.910 

475 

70 

2810 

1119 

474,0 

m 

\ 

3 
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RxrmiHKmL  data 

TabU  jtvttt  >t««l  rrat'Mnta  tapaettm  on  Itrat^had  Dtoatglai 


Natortal 

rragaanc 

Striking 

Raaidual 

Raaidual 

llola 

Datua 

IhteknoN 

Haight 

Obllgiitty 

Valoeity 

Volootty 

Haight 

Araa 

No. 

o(tiwlioa) 

■^(gralno) 

0(«Ugraoa) 

V,(fpo) 

Vj(fpi) 

■^(graina) 

(ag.  tn.) 

100 

0.922 

240 

20 

6100 

2172 

ISl.O 

• 

101 

0.930 

3 

0 

3000 

1010 

4.9 

• 

toi 

0.930 

9 

0 

6196 

2094 

4.9 

• 
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TaMa  XVUt  t  ataal  rras*an^l  iMpaeting  on  tk'<'en 


Maeartal 

rragMant 

Striking 

Raaldual 

Raaldual 

Hola 

Datum 

TtitoHnaia 

Walght 

(MllquFtr 

Valonitjr 

V,<«P*) 

Valoeity 

Walght 

Area 

No. 

a(inotMa) 

■^(•ralna) 

0(dagraaM) 

v,(«pa) 

i^(iralna) 

(aq.  in,) 

1 

.033 

2.63 

0 

977 

0 

m 

• 

' 

a 

.0S3 

2.83 

30 

1033 

0 

m 

« 

\ 

3 

.038 

2.83 

83 

1269 

0 

• 

• 

i 

1 

« 

.038 

2.83 

60 

1301 

0 

« 

• 

1 

S 

.073 

13.00 

0 

1213 

991 

18.3 

• 

! 

6 

.073 

13.00 

0 

1231 

999 

88 

• 

7 

.075 

30.00 

0 

1997 

1801 

29.3 

« 

1 

8 

.073 

30.00 

0 

2018 

1838 

• 

m 

i 

» 

.073 

30.00 

0 

3886 

9392 

■ 

m 

10 

.073 

30. bu 

0 

9917 

3637 

• 

m 

! 

11 

.073 

30.00 

60 

2879 

2012 

29.3 

• 

1 

la 

.073 

30.00 

60 

2897 

2122 

• 

m 

! 

13 

.073 

30.00 

60 

8190 

3311 

• 

m 

1 

i 

t 

18 

.073 

30.00 

70 

9968 

3280 

29.5 

m 

IS 

.073 

60.00 

70 

9713 

3031 

• 

4ft 

1 

18 

.0*1 

17.00 

83 

886 

0 

• 

• 

17 

.0*1 

u.oo 

60 

871 

0 

• 

• 

I 

11 

.0*1 

187.00 

90 

317 

0 

81 

• 

i 

IS 

.0*2 

3.83 

60 

1301 

0 

• 

• 

10 

.092 

13.00 

0 

2080 

1633 

18.3 

• 

ii 

21 

.092 

13.00 

0 

2069 

1670 

• 

• 

i 

23 

.092 

13.00 

70 

3377 

2631 

• 

• 

i 

23 

.092 

13.00 

70 

3601 

2686 

• 

m 

S 

28 

.092 

17.00 

30 

761 

0 

• 

• 

as 

.092 

17.00 

60 

1033 

0 

• 

a 

26 

.092 

30.00 

60 

3987 

3159 

29.3 

• 

s 

1 

27 

.oua 

30.00 

60 

8013 

3218 

• 

• 

28 

.092 

30.00 

70 

3881 

3031 

• 

a 

f 

29 

.092 

30.00 

70 

3910 

3106 

m 

a 

30 

.092 

88.00 

30 

635 

0 

• 

a 

31 

.092 

88.00 

83 

672 

0 

■ 

a 

f 

32 

.092 

60.00 

60 

2696 

2210 

• 

a 

1 

33 

.092 

60.00 

60 

2713 

2280 

a 

a 

) 

3A 

.092 

60.00 

70 

3538 

2726 

• 

a 

33 

.092 

60.00 

70 

3537 

3761 

a 

3A 

.092 

120.00 

60 

3036 

2833 

119.3 

a 

' 

37 

.092 

120.00 

60 

3071 

2882 

a 

38 

.092 

120.00 

70 

3893 

3231 

a. 

i 

39 

.092 

120.00 

70 

3929 

3263 

a 

80 

.092 

280.00 

60 

2168 

1986 

239.3 

8t 

.092 

280.00 

60 

2180 

1966 

a 

82 

.092 

260.00 

60 

3176 

2882 

m 

i 

83 

.092 

280.00 

60 

3198 

2907 

88 

.093 

5.83 

85 

ll'.M 

0 

83 

.096 

5.83 

0 

939 

0 

8« 

.096 

3.83 

30 

1000 

0 

87 

.096 

17.00 

0 

0 

1 

88 

.099 

88.00 

(1 

.'■■0 

0 

89 

.102 

0.83 

0 

0 

SO 

.102 

0.83 

f. 

1000 

7‘iO 
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SXPKRIHWTAL  DATA 


i'<«i  -  <  XVltl  t  dieol  nrasMitci  Impaetlns  on  Ooron 


Pragawnt 

Striking 

ttaatdual 

Real  dual 

Hala 

Uncun 

i'iuciviidll 

Hoight 

Obliquity 

Valoelcv 

Valoeltv 

UalRht 

Araa 

KO. 

•(Inehta) 

i«^<8r«lni) 

9(d(«croa«) 

V^(fpa) 

■^(gralnt) 

(aq.  In.) 

91 

.102 

0.89 

0 

2900 

1485 

• 

• 

91 

.102 

0.83 

0 

2«69 

2099 

• 

• 

99 

.101 

0.89 

0 

3000 

2089 

■ 

• 

94 

.102 

0.89 

0 

9092 

2189 

• 

• 

99 

.102 

0.89 

0 

9900 

2490 

• 

• 

9t 

.102 

0.89 

0 

4000 

3140 

• 

• 

91 

.102 

0.89 

0 

4900 

3491 

* 

• 

m 

.102 

0.89 

0 

9000 

4108 

• 

• 

91 

.102 

0.89 

0 

9190 

4249 

• 

m 

M 

.102 

147.00 

0 

404 

0 

• 

• 

41 

.108 

0.85 

0 

1920 

0 

■ 

■ 

42 

.108 

0.89 

0 

4069 

9072 

69 

• 

49 

.108 

0.89 

0 

9418 

4941 

• 

• 

44 

.108 

0.89 

49 

2904 

0 

• 

• 

49 

.108 

0.89 

49 

9349 

1148 

• 

• 

44 

.108 

0.89 

49 

9007 

9771 

66 

69 

41 

.108 

0.89 

40 

2701 

749 

• 

k 

44 

.108 

0.89 

40 

9190 

1081 

• 

16 

4t 

.108 

0.89 

60 

3992 

2966 

• 

k 

10 

.108 

2.10 

0 

1778 

0 

• 

k 

11 

.108 

2.10 

0 

9992 

2899 

• 

k 

11 

.108 

2.10 

0 

9499 

4174 

• 

k 

19 

.108 

2.10 

49 

2941 

0 

• 

k 

14 

.108 

2.10 

49 

4014 

2490 

• 

k 

19 

.108 

2.10 

49 

5491 

9934 

• 

k 

14 

.108 

2.10 

60 

3081 

0 

■ 

k 

/? 

.108 

2.10 

60 

4079 

1416 

k 

■ 

If 

.108 

2.10 

60 

9092 

9041 

it 

k 

19 

.109 

2.69 

0 

1490 

0 

m 

k 

80 

.114 

9.89 

0 

1299 

0 

■ 

m 

•1 

.114 

17.00 

0 

993 

0 

■ 

m 

82 

.118 

2.69 

60 

2131 

0 

■ 

m 

89 

.120 

9.89 

30 

1192 

0 

• 

k 

84 

.120 

17.00 

30 

979 

0 

m 

k 

89 

.120 

44.00 

30 

772 

0 

• 

k 

84 

.122 

2.69 

30 

1610 

0 

• 

k 

87 

.122 

17,00 

60 

1231 

0 

a* 

k 

88 

.129 

3.89 

49 

1321 

0 

aa 

k 

89 

.124 

2.69 

49 

1861 

0 

aa 

k 

90 

.124 

9.89 

60 

1927 

0 

• 

m 

91 

.124 

44.00 

49 

797 

0 

• 

• 

92 

.144 

17.00 

0 

1079 

0 

• 

k 

99 

.149 

9.89 

0 

1409 

0 

k 

94 

.130 

17.P0 

30 

1192 

0 

93 

.ISO 

30.00 

60 

3201 

. 

28.84 

96 

.ISO 

30.00 

60 

9993 

23.30 

97 

.190 

30.00 

70 

3827 

. 

28.89 

98 

.ISO 

44.00 

30 

849 

0 

99 

.131 

9.93 

30 

1349 

0 

100 

.131 

7.20 

0 

737 

0 
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KXFRRIHRNTAL  DATA 


T«bl«  XVXll  I  8te«l  rrasMnta  laipaotlng  on  Doran 


Harorlai 

PraQaanc 

atrlltlnij 

Raaldual 

Ra  ildual 

Hola 

Datuai 

Thteknona 

Walght 

Obliquity 

Valoelty 

Valoelty 

Haight 

araa 

No. 

a(lnehoa) 

M^(ttralna) 

0<dagroaa) 

•',((?») 

v,<rpa) 

M^(gralna,> 

(■q.  In.) 

101 

.191 

7.20 

0 

4439 

4211 

■ 

• 

102 

.191 

7.20 

49 

797 

0 

• 

• 

103 

.191 

7.20 

49 

4430 

4290 

■ 

• 

104 

.191 

7.20 

60 

887 

0 

• 

109 

.191 

7.20 

60 

9063 

4162 

• 

• 

106 

.192 

9.89 

49 

1903 

0 

m 

• 

107 

.192 

17.00 

60 

1418 

0 

• 

Ri 

loe 

.192 

44.00 

49 

918 

0 

■ 

■ 

109 

.192 

147.00 

30 

693 

0 

• 

• 

110 

.132 

107.00 

0 

628 

0 

• 

• 

111 

.194 

9.19 

60 

1823 

0 

• 

• 

112 

.194 

19.00 

70 

3868 

• 

14.0 

• 

113 

.194 

17.00 

49 

1270 

0 

■ 

■ 

114 

.194 

30.00 

70 

3409 

M 

29.0 

• 

115 

.192 

9.89 

0 

1794 

0 

• 

• 

116 

.192 

17.00 

0 

1382 

0 

• 

• 

117 

.193 

2.6,3 

0 

2426 

0 

• 

• 

no 

.193 

2.69 

30 

2988 

0 

. 

• 

119 

.193 

2.69 

49 

2979 

0 

• 

• 

120 

.193 

19.00 

0 

2671 

1887 

14.8 

• 

121 

.199 

19.00 

0 

8693 

1870 

• 

• 

122 

.191 

30.00 

70 

4890 

2864 

• 

• 

12J 

.199 

90.00 

70 

4931 

8196 

• 

• 

124 

.193 

60.00 

60 

2799 

1907 

• 

• 

129 

.193 

60.00 

60 

2799 

1882 

• 

• 

126 

.193 

60.00 

70 

3739 

1223 

• 

• 

127 

.193 

60.00 

70 

3799 

1239 

88 

m 

120 

.193 

120.00 

0 

3148 

2917 

119.9 

m 

129 

.193 

120.00 

0 

3172 

2990 

• 

• 

130 

.193 

120.00 

70 

39  n 

2560 

• 

• 

131 

.193 

120.00 

70 

4004 

2610 

m 

• 

1U 

.194 

2.69 

60 

3928 

0 

m 

m 

199 

.194 

147.00 

0 

772 

0 

• 

* 

134 

.193 

740.00 

70 

3073 

2359 

• 

• 

139 

.195 

240.00 

70 

3104 

2381 

m 

• 

196 

.193 

240.00 

70 

6191 

4828 

«• 

137 

.196 

44.00 

0 

1062 

0 

48 

138 

.210 

9.83 

49 

1936 

0 

• 

119 

.210 

17.00 

30 

1395 

0 

• 

140 

.210 

44.00 

30 

1114 

0 

• 

• 

141 

.213 

3.89 

30 

1741 

0 

m 

142 

.213 

17.00 

60 

1791 

0 

• 

143 

.214 

17.00 

45 

1588 

0 

m 

144 

.214 

44,00 

43 

118? 

0 

149 

.243 

9.83 

0 

2032 

0 

m 

146 

.230 

9.00 

0 

5000 

3385 

4.7 

• 

147 

.230 

30.00 

0 

3879 

3121 

• 

148 

.230 

30.00 

60 

3897 

2535 

149 

.230 

30.00 

60 

8350 

5986 

2.7 

150 

.230 

60.00 

60 

8756 

5769 

2.0 
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BXl'KMlHBiri'AL  DATA 


TAbU  mil  I  StMt  rragMnti  iMpaetlni  on  Doron 


Hntartil 

moMne 

Ntrlklns 

Kualdual 

hiildual 

Hnla 

Datuii 

ThlekiMii 

Wsitht 

Obliquity 

Valeelty 

ValoBlty 

Valght 

Araa 

No. 

•(Inehat) 

■|(|rAina) 

t)(d*traai) 

v,(fpO 

V,(fpi) 

■j(gr8lBa) 

(aq.  In.) 

ISl 

.390 

120.0 

0 

9833 

1383 

119.9 

• 

ISI 

.390 

240.0 

0 

9999 

3749 

199.9 

• 

133 

.230 

240.0 

49 

2417 

2091 

199.9 

ai 

ISA 

.290 

240.0 

30 

9393 

4517 

m 

, 

133 

.292 

107.0 

0 

397 

0 

m 

at 

ISA 

.233 

2.39 

0 

9939 

0 

m 

« 

137 

.233 

3.39 

30 

3170 

0 

m 

• 

133 

.233 

2.39 

43 

9393 

0 

m 

• 

ISf 

.231 

9.39 

43 

3997 

0 

m 

41 

130 

.270 

30.0 

30 

3199 

• 

9.M 

• 

131 

.370 

30.0 

70 

3117 

* 

0.93 

31 

133 

.370 

30.0 

70 

3110 

• 

7,93 

• 

133 

.370 

120.0 

70 

9094 

• 

109.91 

m 

13A 

.333 

17.0 

0 

1733 

0 

3b 

m 

133 

,138 

44.0 

0 

1409 

0 

• 

• 

133 

.901 

7.30 

0 

971 

0 

• 

• 

137 

.901 

7.20 

0 

4399 

4130 

• 

• 

133 

.901 

7.10 

49 

194) 

0 

• 

• 

133 

.901 

7.20 

49 

4310 

4373 

• 

• 

170 

.901 

7.10 

30 

3993 

0 

• 

• 

171 

.901 

7.30 

30 

4399 

4093 

• 

■ 

173 

.317 

9.39 

0 

3334 

0 

• 

« 

173 

.318 

107.0 

0 

1004 

0 

■ 

• 

173 

.9A0 

17.0 

60 

7391 

0 

m 

• 

173 

.3A2 

3.89 

30 

1443 

0 

m 

• 

173 

.3A1 

17.0 

30 

1383 

0 

• 

• 

177 

.343 

17.0 

49 

1294 

0 

• 

• 

173 

.371 

207.0 

0 

1066 

0 

• 

■ 

179 

.384 

17.0 

0 

2273 

0 

• 

• 

130 

.337 

147.0 

0 

1239 

0 

• 

• 

131 

,A39 

13.0 

0 

9421 

■ 

8.07 

* 

133 

.431 

30.0 

0 

4905 

• 

28.31 

aa 

133 

.431 

30.0 

60 

9900 

0 

• 

• 

ISA 

.432 

44.0 

30 

1937 

0 

• 

• 

139 

.481 

44.0 

0 

1992 

0 

ai 

aa 

133 

.483 

829.0 

0 

869 

0 

• 

• 

187 

.490 

17.0 

0 

2992 

■5 

• 

• 

133 

.490 

17.0 

30 

2326 

0 

m 

aa 

189 

.490 

17.0 

49 

3533 

0 

• 

■ 

1<H> 

.490 

17.0 

60 

9453 

0 

• 

• 

191 

.491 

44.0 

49 

2379 

0 

aa 

• 

192 

.491 

400.0 

0 

1009 

0 

• 

• 

193 

.493 

44.0 

60 

;4a8 

0 

aa 

ai 

19A 

.497 

207.0 

49 

1445 

0 

• 

• 

193 

.497 

600.0 

0 

930 

0 

• 

• 

194 

.499 

600.0 

45 

1030 

0 

ai 

197 

.300 

10.0 

0 

4650 

2412 

9.9 

■ 

198 

.SUU 

30.0 

0 

4579 

2698 

199 

.300 

30.0 

49 

4700 

2166 

m 

200 

.300 

30.0 

49 

5830 

2908 

13.2 

at 

I 


/* 

« 

f, 

‘Jt 


i 
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it 
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I 
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EXPnXMBIITAL  MTA 


Tabl«  XVXIXt  ae««l  PragMnta  Xapaatlni  on  IXiv<»n 


Hattrlal 

PraRMnt 

lerlklng 

kaaldual 

Maldual 

Mala 

Datim 

Ihloknati 

Uiitht 

Obliquity 

Valoelty 

Valoelty 

Kallkt 

Aroa 

No. 

■(lnelM4) 

■^(tralna)  0(da|raaa) 

V,(fpi> 

V,(*pO 

n^(8raliia) 

(aq.  In.) 

aoi 

.300 

30.0 

60 

7102 

14/3 

. 

a 

ao2 

.300 

30.0 

60 

7960 

• 

6.63 

a 

aoa 

.300 

30.0 

60 

10374 

0 

a 

aoA 

.300 

60.0 

0 

3iaa 

2109 

a 

aos 

.300 

60.0 

0 

3a94 

3744 

• 

a 

aoA 

.300 

60.0 

60 

7193 

3421 

• 

• 

ao7 

.300 

60.0 

60 

7607 

- 

20.3 

• 

aoa 

.300 

60.0 

60 

7973 

4397 

0.4 

• 

aoa 

.300 

60.0 

70 

6193 

0 

• 

a 

aio 

.300 

60.0 

70 

3104 

• 

2.96 

m 

au 

.300 

60.0 

70 

B700 

m 

0 

m 

aia 

.300 

120.0 

0 

saaa 

m 

100.32 

a 

atj 

.300 

120.0 

0 

3801 

27S1 

• 

a 

au 

.300 

120.0 

43 

3394 

2231 

• 

a 

ais 

.300 

120.0 

70 

saaa 

0 

■ 

a 

ata 

.300 

240.0 

0 

3743 

»90 

m 

a 

ai7 

.300 

140.0 

43 

3643 

2646 

• 

• 

a  LI 

.300 

140.0 

60 

3306 

3310 

• 

m 

ata 

.300 

240.0 

70 

4719 

2143 

■ 

m 

aio 

.306 

400.0 

43 

1110 

0 

• 

a 

aai 

.623 

240.0 

70 

9030 

6030 

■ 

a 

»] 

./S» 

400.0 

43 

1497 

0 

• 

• 

113 

.742 

400.0 

60 

1930 

0 

• 

• 

22A 

.7U 

207,0 

0 

1146 

0 

• 

a 

aas 

.730 

30.0 

0 

3229 

• 

27.72 

• 

aaa 

.730 

60.0 

0 

8037 

■ 

46.00 

a 

aa? 

.730 

120.0 

43 

3043 

• 

102.61 

a 

aaa 

.730 

240.0 

0 

3329 

• 

224.71 

a 

aaa 

.7V) 

240.0 

60 

4229 

«a 

221.30 

a 

aso 

.770 

240.0 

70 

1683 

0 

• 

a 

23. 

.  i5S 

400.0 

0 

1456 

0 

a 

a 

aaa 

.732 

600.0 

0 

1384 

0 

a 

a 

233 

.733 

207.0 

0 

1762 

0 

a 

a 

a3A 

.733 

207.0 

A». 

1873 

0 

a 

a 

233 

.737 

17.0 

0 

4330 

0 

a 

a 

236 

.737 

44.0 

0 

ol’.l 

0 

a 

a 

237 

.763 

600.0 

43 

1493 

0 

• 

a 

238 

.963 

207.0 

43 

2331 

0 

a 

a 

239 

.966 

400.0 

0 

1763 

0 

a 

a 

2AO 

.966 

600.0 

0 

1364 

0 

• 

a 

241 

.990 

44.0 

30 

4143 

0 

a 

a 

242 

1.000 

30.0 

0 

4769 

0 

« 

a 

243 

l.OOO 

30.0 

0 

6999 

1999 

a 

a 

244 

1.000 

.10,0 

43 

7718 

2013 

« 

a 

245 

1.000 

30.0 

60 

10500B 

0 

a 

• 

246 

1.000 

60.0 

0 

5088 

- 

41.67 

a 

247 

1.000 

60.0 

0 

7376 

2627 

• 

a 

248 

l.OOO 

60.0 

60 

6929 

4829 

a 

a 

249 

1.000 

60.0 

70 

100008 

- 

0 

a 

230 

1.000 

120.0 

0 

5010 

> 

7$a74 

• 
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Tabu  XVXIl  tStaat  rra|«8nta  Xa^aatlns  an  Dvron 


MaeerUl 

Traiaane 

atrlblnf 

taaidual 

KaalOval 

Dacim 

Thlokraaa 

Uatiht 

Obltautty 

Valoolty 

V,(f|Nl) 

Valoolty 

Wallht 

No. 

a(lnehti) 

M^laralnt) 

0<6t8*aao) 

V,(*pa) 

■^(oralna) 

191 

l.OOP 

120.0 

70 

79001 

0 

• 

»t 

1.000 

3AO.O 

40 

9640 

2943 

193.0 

193 
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0.2 

»• 

S3 

1.000 

10.0 

0 

•ISO 

■ 

■ 

.119 

S4 

1.000 

•0.0 
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BItiyitUTICII  MIT 


U.  t.  A^«y  Mitarial  Owmnd 
Atini  MURIHRI-CM  <L.t.  ftean) 
ANCRI^ta-PR  (Nr.  Skatfon) 
AMIf'AI  (Nr.  R.  Ooty) 
MarhlARiM  IS)  0.  C. 

MiMior 

AAr«M«R  Rm  PraiMt  A(«y 
Allni  Nr.  PtMikiln 
SaaM'lwnt  of  0«(MM 
ttaRhiHRtca  IS.  D.  C. 

Ca—M ><lA|  OfflRtr 
tallUlta  RtMaith  U^a 
ARIRI  tk.  R.  0.  Rantatt  MUD 
Nr.  Jt  J.  Oai&ayf  MUR) 
Hr.  H.  Paahar,  «U1) 

Hr.  0.  0.  Narilaaa.  MUD 
Hr.  A.  Haffaaa,  MUD 
Hr.  B.  Bvaa.  TRUD 
Raparta  Maa  Raa  (tO) 
AharRaaa  PravluR  OrawH,  M 

Bafaaaa  Raa  Maakar 

Oaaaa^aa  .total  aiafl 
RAM  Haaaaalwaalli  Ava,  IM 
UaahlRRiaa  •.  0.0. 

VtAi  HaaAviarlaii 

U.a.  Aragr  Maiariat  Ooa 
Allat  AHBRO*RI>n 
Nr.  Itataaa 
VaaRtailan  15.  B.e. 

aeiaalirta  tata  Off 
Oafaaaa  Raa  atafP 
arUlali  Rnb/«fay 
3100  Naaaiatwaatti  Aaa.  M 
NaaMaRlaa  a.  0.0. 

VtAi  Haaitouartara 

U,a,  Aray  Hatarlat  voa 
Altiit  AIICHU-il»-rS 
Nr,  atataen 
Ntahtaalcn  IS.  n.O. 

Otrancer 

Maapan  Syatanii  tvaluatlon  Oraup 
3aa  of  Dal 
waaRtaRior  IS.  U.u, 

Off  ChUf  of  Raa  and  D«nr 
itoparlaNiil  of  tho  Araqr 
Maahington  23.  O.C. 

Ooaaaamafna  Offleat 

AlW:  Ttfih  !!rsr.s^ 

Abardaan  Provtna  CrounO,  Nd. 


■to.  of 

iSacUft 

I 


Dtraaior 

Danr  A  Proof  Rarvlaaa 
Altai  Nr.  w.O.  Plaaa 
Aliardaan  ProvlnR  OKaad.  M 


Araad  laivUaa  Took  tala  Atop 
Altai  TIPBR 
Arllailoa  Hall  ftaliaa 
arlloRtaa  11.  Oa 

ItoaaaaHlaR  Oaaaial 

U.i.  Aiv  NaUlUp  Oaa 
aaaai  Vaa  Opka  Ava 
eaalavIlaO)  Mohliaa 

CoaniaAlat  Mfloar 
O.B.  Arap  nraaap  Raa  Oa* 

Altai  Ukaarv 
Piavt  Ivilia.  Vtitlaia 

OaaMaaAlat  Oaaaval 
RoOaioaa  MlaRllflo  lato  Olr 
Ailai  Cklal.  OMuaMal  laa 
RaOakaaa  AtRaaAl.  AlakiNa 

itoamadlaa  OffUai 
NaiartoM  Araaaal 
Altai  Halatia«a  Ariaaal  Uk 
Araar  Baailaa 


0.0.  Aragr  Nalarlal  Raa  Aoao 
Naiartava  11.  Naaaaakaaatta 

CnaaMiaiaa  Boairal 
u.».  Arny  Mtaponi  Cob 
Rook  lilaaa  Araaaal 
Rook  talaad  llllaola 

OoBBaadlna  Oaaaral 
U.A.  Arejr  ooBkat  Dav  Oos 
Port  Ratvotr.  VlrRinla 

Olraator 

NASA 

Narahall  Ipaaa  Plight  Ctr 
Altai  Ubrarp  Saetlaa 
RaOttana  Araaaal.  AURmh 

CoaBMPidtaa  OPflaar 
U.a.  Aragr  Art  A  Ooa  Dav  Atep 
At to  I  Llbraltaa 
Pert  am.  abtahoaa 


Pleat inap  Artanal 

Paltmio  Raa  A  Eng  Uht 

Atrnt  Nr.  P.  Sana.  SNVPA«0tn  (2> 

il.i. 

pr,„.r  >-raay 
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BinUlWTIOH  List  (CMt.) 


fluLu  I ,  flriwtmtoi 


Nt.  Pt 
teflM 


I  QnmmMm  OMilM 

ftppktoti  Arimal 
Amt  UbtuBt  M 

mimiBU*  NMiylvaida 

1  OiMiAar 

M«IA  atauiA 

tolMM  Ami*  tupfaM  Aauf 
Altai  Nn/A 
V.O.  IM  IlM 
ImAI*  Um 
AltataWta*!  N< 

1  flatmtAlM  Ottaf*! 

Util  Afta  Ota  A  M*  Ita  Oi* 
iirl  0*4|  OaUfani* 

I  OMMiAtiii  OMMfat 

IMA  OAiwiiat  A**  A  tav  Uta 
Altai  lUiliyUi  M« 

1*1  Otari*  ItMMrl 
U|*w*4  Aftatal,  M. 

1  OnmniAtni  Cfflttr 

O.ti  Altai  ItriMB  N*i*ri*i  Ota 
Altai  MOM 

Ulh  «4  iKiM*  llttal* 

II.  Iml*.  MnwiiI 

1  Owtatallni  (Nr(t«*v 

U.l.  Adta  ta'iok  Uta 
Atnii  Mr.  A.  Al**ii 
Ntiiak.  Nii*MhyMlli 

I  OMtatalliii  iMCl«*r 

Itarrjp  M*m4  Uta 
Alta!  Tich  !nS3 
•CM«ll  Oil 
<li*hlii|r»n  2),  P.  0, 

I  UrMtar 

U*«arch  Analyat*  Oar* 

MIS  Arllnita*  to*4 
taltaad*.  N*rylaii4 

1  Mraetor 

Am  R***ar«h  o((i«* 

Arllnita*  Hall  Italiim 
ArltniM*.  Vtriinl* 

!  Qemandlr^  S!(la*r 

FhiiaAaliiliia  tnc  Mat 
U.I.  Am 

Aitni  00,  R  6  D  Ir 

111  Itotth  Bna*  Itraat 
Miilalalpkla,  tannaylvaiita 


1  CKt*l 

Rutaau  •<  Ntv  Hmi*** 

taiartaml  *1  Ih*  Havy 
Altai  DIMS 
ttaaUniiaa  U,  1.0. 

1  OBtataiiar 

Haral  AAr  lav  Oir 

Altai  WUA 

Oatatatlla,  Banmylaanl* 

1  Oatawlnr 

Mwal  Or4  Uh 

HUl*  Oah 

lllvw  l|rt*0*i  N4. 

1  OitataiAir 

Ratal  0i4  Ul 

Hittat,  Oaltlant* 

ttllTMtal  IN  INI  n* 

Altai  0*4i  AOSI 
OMaa  Uk*,  eaUMnit* 

I  Q*tawn4*r 

tt.l.  Haral  Maam*  Uk 
Altai  0*4*  y  A  0*4*  NUl 
DaMira*,  Vlrilnta 

I  CoMMter 

U.a.  Haral  Raa  Ub 
Altai  LUrarjr 
Anawatla,  Naryl«4 

1  ao«a*n4ar 

0.1,  Hary  taalaar  0(4  Iral  ORII 
Altai  tall  10 

UrilanO  Air  taraa  Uan,  R.  N, 

1  OfCtaa  of  Haral  Raa 

Hary  Payaruant 
Altai  HUS  (la  Ut  It) 
Waahinilon  IS,  *•  0, 

1  Katin*  tapatlmnta:  Ita 

l|u*4(*n  M>1 
Quanllao,  Vlrilnta 

1  flanaanOar 

AP  Ipaa*  Uaarona  Cir 
RlrilanO  Air  Paraa  laaa,  H.  H. 

1  Cuaaandar 

Air  Ptowlna  (Rroun*  Caniar 
Attnt  .‘OAPI 

KgUa  Air  raria  Ban,  na. 
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oimiBirrioN  list  (cuni:.) 


Nn.  of 

Oooloi 


JKt'jUMtlia. 


COMNMfOt 

VU.'Olfii  T*ch  Dlv 
Alt  Vftreo  ayotoM  dam 

’)W 

Atlas  Major  HaaAarMn 
M.  r.  MhulJlc 
Hright-rattarao*  Afl,  Ohio 


ifar 

M.Qi  oiAm  Air  Naiorlot  atm 
Alin  I  ooon 

MU  Air  rorco  Baaa,  Malt 

SmA  aorporatten 
Oayt  of  iko  Air  loroo 
Attni  Ubrary 
ITM  Mata  liroat 
•aala  Hoalaat  OaUtomta 

Aarojat  Oaiietal  vrcy 
Altai  K«M.  ArM'Vsafcataa 

Ana  •«  Chaaoi  Uhratlaa 
at  toiAsayi  OallfaiaU 

VIA  I  Miraau  Mav  Waaywna  i«ar 

Aanmuironla  Mv  of  rarf  Niior  Co 
laa  Aak  Miicarlalt  Dart 
MrA  Bnad 

Altai  Mr,  >.  H.  Jaffa 
Nanyori  loMh,  OallCorala 
VIAi  OBU  Ualaoa  Ofttaar 
(Oal,  R.A,  Raiflay) 

Airoraft  Arnaaianta,  Ina, 

Attn  I  U'o  ary 
Oaalsayivlltat  HarylinA 
VlAt  rhUadalphla  froo  Mat 
II,  f,  Araw 

110  Nnrtn  Broad  lUaat 
ThlladalrhS*  7,  Paaaajrl.naln 

AppUad  Fhjralaa  Umratoiy 
Tha  Jolwa  Hnplitna  Unlvaralty 
tABt  Qoorala  Avanua 
Attn  I  library 
Itivar  fprliiaa,  ilaryload 
VIA)  Bur  Hav  Waapurt 

Arioiui'  i.i.a04U:ah 
IJrd  ani!  Doarbnrn  V*. 

Attni  '  «if  Dod'ia-nt* 

ctitaat.s, 

VlAi  r  an*'.  jffi,;.!- 

Air  »■<  >Mn  Mat 

.  ’"i,  <,*  • 

■’“V.  1  .utr-tf.  Ailtt.. 

‘t-.w  t.>r. 


No.  af 
oaptaa 


JtlltlHlW. 


Arthur  D,  Uttla,  Ina, 

U  Aoorn  rarv 
Oaahrldiat  Naaiaahuaacta 
VIAi  loatati  froo  Mat 
Utl,  Arm 
loafeoa  Aray  Baao 
laalon  10,  NaaaaahiMaiia 

AVOO  Ufa.  Oorp. 
laa  4  Advanaad  Bar 
Attni  UhKory 
WlnlnaiMi  Naaaaahuaalia 
VIAI  OoaauHicllna  Offlaar 
laaMi  Proa  Mat 
U.a.  Aray 
laoeon  Arm  0«M 
laaton  10,  HaaiaohuHlla 

■all  Raltaoator  Otrp, 

V.  0.  Ian  Ul 

van  NMth  I,  taaaa 

VIAi  luraaa  Hav  Maaaaaa  Rap 

•aalat  Alrplma  Oacpam 
P.4,  laa  nn 
■aaltla  U.  HaihliuiMa 
VIAi  AV  nant  Rap 

Oaavalr  Mv  af  Oon  Oya  Oarp. 

P.O.  Ran  IVSO 

Ponaat,  Oallfarata 

viAi  Roa  Rap  Arm  Htialla  Oaa 

Convalr  Mv  of  Oan  Oya  Carp. 
Rail  Ma<a  Mv 
Hall  tana  A*isy 
Altai  Ohlat  Ubrarlaa 
Ran  Mata  U.  Catlfoiaia 
vlAt  Bur  Hav  Haapan  Rap 

Oomoll  Aaronautleal  Uh 
■'iff ala.  Haw  tark 
VIAi  Oaawandtnt  Qffltar 
Haw  York  Proa  Plat 
U.B,  Arm 
770  Broadway 
Raw  York  3.  Hav  York 

Oanrral  llastrlo  Ooiapany 
MItalla  A  Ara  Uapt 
t.ahcalda  Avo'iua 
Burltntton.  Vemont 
VlAt  Boaton  Piua  Mat 
U.R.  Arm 
Boaton  Arm  ■•*• 

Itoaton  to,  HaatMhuaacta 
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Ns.  Si 

flUlM  - _ 

I  OSMTsl  llsstrls  Oomftmf 

■sisort  rsMsylvasla 
VUt  IMUIul^ts  rr«ia  Msl 
U.l,  tamf 

111  Hsrth  Iras!  Itrssl 
»!itlalst»lila  I,  iafmanv«<i<a 

1  Osiwrst  Hststa 

Bsltnsa  Ms 

IsMa  IsitiKrai  Oatlfsnita 
VUi  las  AntslM  Irsa  Mat 
SS  Isatili  OraiMl  A«a 
lasalaaa  I,  nallAmila 

I  Osalyaar  Alrarafi  Oort 

Altai  Hobart  MwaMkai 
U  larae 

1110  Nasalllaa  boat 

Akran  19|  Ohio 

VtAi  Bitr  Nav  Hsasoa  Rap 

I  Onmm  Alrarafi  im  Ooro 

tatbaaiai  tima  Islaadi  Naw  Tsrb 
VlAi  Mr  Nav  Mapsai  Ran 

1  0.  T.  lakjalOskl  OaoMHi 

a/s  Rat  Nanaitawat  Oar  a 
Allni  Nr.  Rsbari  0. 

VIAl  OsaBMMlIno  OffUar 

HlUlarjr  Olit  Uaabliwtoa 
Hashlimion  tS|  0.  0. 

1  Mibaa  Alrarafi  OsMWf 

Altai  ilbrarjr 
laUarloat  Oaltferala 
VtAi  tas  Aaialas  Pros  Mat 
U.l.  Araqr 
S9  Rduih  Ctand  Ava 
rasataM  I,  Oaltfsrala 

1  Inaclluta  for  Osoraratlve  Rss 

Ilia  JsNaa  Hsiklaa  Uilvarslir 
Altai  a,  R,  Warflald,  Dir 
Mth  and  Chariot  Rtraats 
RaltUnra  IR,  Naryland 

1  Llnmln  lahoratorr 

Maaaaohusaltt  late  of  Tesh 
Altai  I*.  U,  Htroann 
Rooa 

Ctnbridta,  Navtachvfttls 
VIAl  lotion  Aroa  Dltl 
U.l.  Atmf 
Boaton  ffitr  lata 
lostor  10,  Hattachuitllt 

1  lotkhaad  Hlatlla  and  Spatt  DIv 

Aitni  Nr.  A.  C.  Aapatonl 
v.O.  Box  SOA 
lunnwalt,  CaUleinla 
VlAi  Bur  Ha*  Wc«pcr.s  Rep 


ao,  af 

fiUiM _ gfAMtUtlgl _ _ 

1  Nartla  floapanA 

Mint  M>t  H,  Dsrlat 
Orlande,  riorlda 
VUi  llrolaabaa  itos  Msl 
U.l.  Artif 

1110  Norih  Itvantb  Ava 
llrndashM,  Atalaaa 

1  NtlaaMll  Alrarafi  Osapanr 

Isa  911 

II.  lovlR  M,  Miaaurl 
VUl  u.l.  AP  Plaal  Rap 

1  Nartb  Ansrlean  Awl*tliin  Osrp 

laa  AMalas  49.  Oallfaials 
VIAl  liH  Hav  Hoapon  Bap 

I  NnrK'^anlss 

MQ  Iasi  OraaiatNarpa  Ava 
AMbalM,  OaUforala 
VUl  Us  Anialai  IVM  Mit 
U.B.  Arair 

IS  iMtb  Orand  Ava 
Pasadaaa  I.  Oalllsrnla 

t/iytliaon  (MopMP 

lUtt'lt  SfitaM  Mv 
Alint  Nr.  h»*\  Nurd 
Iprlni  lr.(*st 

tonlnoien  11 ,  Nassaolwtalld 
VIAl  Rtsisn  Prat  Msl 
U.l.  Artip 
loaiaa  Arap  lam 
Rastoa  10,  Nasaatbnmils 

l  Ropublle  Avt Ilian  Oorp 

lelantlfta  Rsaaarah  laff 
Parnlnidtlt,  Ntu  Turi' 

VIAl  U.l.  AP  Plant  >«*p 

I  la f alas  Olati  Goapanp 

Altai  Nr.  Imast  Pamatart 
4717  aiMilnn  Are 
Phlladilphla  44,  Panaaplvanla 
VIAl  Phtladatphia  Proa  Mtl 
U.l.  Arap 

IIR  Nsrth  Broad  lirmi 
miadatphia  1,  Pa. 

I  llknrilip  Aireratt 

Mv  of  Unltad  Aireratt  Carp 
Attn I  Nr.  I.  P.  Rattanbariar 
louih  Avanua 
Brldsepert,  CennrerUui 
VIAl  Bur  Nav  Utafon  Rap 

I  Spvet  Taehnoteap  tab  ’nr 

Attni  Ubrarp 
Sox  VlflCl, 

lot  Anaelt*  A},  r.aUfnmia 
VIA:  Caatandar 

Halllttle  Syttetw  Dlv 

AP  unit  roll  Offlea 
tea  Angetai  4S,  Calif. 
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Mo»  of  Hh|  (if 

auia _ aaiwUiiim  flMUi  atiMi— i* 

1  ItMfovd  Roootfah  tattlMU 

Actnt  Library 
Maalo  Park,  Otllforata 
VUi  CoMDaadlag  Alfltar 

lait  PranulMo  Proa  Btai 

U.a<  Aray 
ItiS  Olay  ssraai 
P.O.  laa  1«29 
Oaklaatl  >7,  OallfomU 

'^'1  otwoiow  IiworporataO 

attni  D.Otl,  piira 
M(6  lanilLni  PWO 
loa  Aagalaa  22,  iJaUfunila 
VXAi  (/>■  A>\g«iaa  Proa  Mat 
Ual,  Any 

)S  Oeuth  draaf  Ara 
Paaafona  2,  Oalif. 

X  lylvaala  Btoecrlaat  fyaiM 

VUtkaa  SA,  MaitMlHMtla 
«XAt  toarua  Praa  Mil 
U,l,  Art^ 
taalaa  Aai^  taaa 
•oiloa  10,  MauaolHiiaili 

I  Uilraraity  Of  Daavar 

IMaairlal  Raa  tall 
Altai  Ubtary 
Daawar  10,  OotaraOi 
VUi  OoaMaOiiK  OftUlP 
•I.  iottti  Proa  Mat 

O, 8.  Aray 

AlOO  Ooafliltaw  Oloa. 

•I,  Leata  10,  Maaaurl 

1  0«l>  Rubbar  OMpaay 

Raa  Dapi 

Vayaa,  Nov  Jaraay 
VlAi  Mao  Park  Praa  Mai 
U.S.  Ar^r 
770  Oroadaay 
ttaa  Park  ),  N.  T. 

1  Portal  Dlalaloa 

Tba  Idotna  OoMpiay 
Marten,  Pamtaylvanla 
VIAi  Rur  of  liii>  itaaran  Aaa 

t  Hayaa  IntnrnaHotial  ra»p. 

Aitni  «r.  r.  h««Ii 
Rlrnlnbam,  AlakaaM 
VlAt  UMP 

HlnatfiRhMt  ikMtr  MPM  Off 

P. n,  h>s  :}81 
Rlnulnthaa,  Ala* 
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